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In the textile industry as a whole, there is an 
enormous number and variety of machines used; 
and siiice this variety is gradually being increased, 
and more elaborate mechanism introduced, the sub- 
ject of Mechanics is becoming more and more im- 
portant for those who are engaged in this industry. 
It is essential, then, that all who are employed in the 
mechanical production of yarns and cloth, and in ritie 
subsequent treatment of these products, should have, 
at least, an elementary knowledge of the principles 
underlying the construction of the machines and 
appliances used. 

In certain respects, and in the elementary stages, 
the subject of Mechanics is possibly more difficYilt 
for the average student than those of Mathematics 
and Machine Drawing, both^f which are dealt with 
in former publications of thfs series. The purely 
technological requirements of textile education are 
cnore or less fully recognized by all grades of tech- 
nical schools in textile districts; but, in most case^, 
the textile student acquires what Jittle scientific .know- 
ledge he possesses as he proceeds from stage to. stage 
in his# textile studies. The Sliccesi attending this 
acquisition depends solely on the capability of th^ 
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student, and,*as a result, much of the textile techn^ 
legist’s work is not appreciated at its full value. 

^ The mattey jntroduced in the following pages deals 
only with the imain elementary principl#^. ‘These are 
fundamental and of general application ; but the work 
differs from other elementary treatises on Mecftanics 
in that the examples chosen for demonstration, and 
the subsequent exercises, are arranged in language 
and teryus to suit the preseijt-day textile student. In 
this respect, the authors hope that their efforts to 
provide suitable elementary science books for those 
engaged in the textile industry will be appreciated. 

T. WOODHOUSE. 

A. BRAND. 
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TEXTILE MECHANICS 


CHAPTER I 

MATTER, FORCE, ETC. 

Preliminary. — The science of Mechanics consists 
• of two distinct parts; (a) Statics, which deals with 
forces not in motion; and (b) Dynamics, which deals 
with forces in motion. The subject matter of th^ 
latter part is, in general, of a much more complex 
nature than that of the former part; hence, in any 
elementary treatise, which may embody sections of 
both, statical questions should, naturally, be. con- 
sidered first. As a rule, practical men ^e not con- 
cerned mi5ch with the action of forces in the abstract, 
but are mainly interested in their technical and indus- 
trial applications. Force, or that which produces 
fcyce, cannot be - perceived by the senses, but the 
effects of force may be made evident in many ways. 
We shall endeavour to show how many kinds of force 
Aay be measured, and^how these measurements* may 
be utilized in practice. The principles involved^ 
although illustrated where possible with special r#fer- 
» ence to textile problems, are of general application, 
and as uch may be used for al^ kind§ of mechanical 
work. 
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8 TEXTILE MECHANICS 

Matter., — In nearly every science special term:^ 
and phrases are found and used with advantage, ^nd 
the definitions of these terms or phrases are often 
peculiar to* ‘a particular branch of kno\yledge. In 
addition, it is often found convenient to attach a par- 
ticular and special meaning to some commoQ^y-used 
word. Mechanics is no exception to these usages. 
The importance 6 £ being perfectly definite as to the 
meaning of the words, terms, and phrases used cannot 
be irrtpressed too early or too emphatically on the 
beginner. 

Mechanics is the «itudy of force-actions, and force- 
actions are usually, although not invariably, mani- 
fested by their effect on the matter upon which they 
act. We must then, first of all, have some definite 
ideas as to the meaning of this word matter. 

Matter may be defined as anything which can 
.^affect, or be perceived by, the senses, and which can 
be acted upon by force. It is often divided into two 
great classes, viz. solids and fluids; for our purpose, 
it will be more convenient to regard matter as being 
divided into three states or conditions, viz. solids, 
liquids, arid gases. 

Solids, such as wood, iron, ice, &c., tend always 
to retain their original shape and size. A compara- 
tively great amount of force is necessary to cause them 
' to change in these particulars. This, of course, dqes 
not apply to plastic substances, such as rubber, putty, 
and the like, all of which behave partly like solids and 
partly like liquids. ^ ' • 

Liquids, e.g. alcohol, mercury, water, &c., are easily 
changed in shape, but it is very difficult to alter them 
in size. Gases — hydrogen, oxygen, coal-gas, steam,# 
and the like-ydiffei' from both solids and^ liquids, 

• since they are easily changed both in form and 
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dimensions, while they further possess. the peculiar 
and important property of indefinite expansion. 
Force. — Force is that which causes, or tends to 



cause, motion or change of 
motion in the matter upon 
which it acts. The most 
usual result of force, and 
that which is most easily 
understood, is the simple 
case of pushing or pulling 
a body of any kind so as to 
cause it* to be moved from 
one position to another. If, 
on the other hand, the force 
applied is not' sufficiently 
great to move the body, it 
nevertheless tends to move 
it, and in this condition the 
body may be subjected to 

one of many kinds of force-actions, e.g. pi;essure, 
tension, &c. 

Thtf first case is illustrated inlig. i,ivhere the turning 
force in the loom crank C — which may rotate counter- 
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clockwise, or clockwise as illustrated— is imparted /o 
the end A of the connecting arm. Due to the posi- 
tion of the parts, the end P of the connecting arm 
‘receives an approximately rectilinear moxiort, and thus 

f causes the pin P, and the lay 
or slay L, to move bacl?wards 
and forwards. The swords S, 
which carry the lay, are ful- 
crumed on the rocking sliaft R. 

Fig. 2 shows the second 
casp, where the downward 
‘ force or pull of the weight W, 
by means of the lever *L, the 
hanger H, and the strap S, is 
communicated to the pressing 


.roller P, and hence to the drawing, front, or boss 
roller D. In this case the weight or force W causes^ 
np motion, but it does produce pressure between 
the pressing roller P and the drawing roller D. 
Although causing no motion, the force due to weight 
W and the other parts nevertheless has a tendency 
to cause motioh, as could be proved by •taking- 
away the drawing roller D, ^when .the pressing 
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roller P would be immediately pulled forcibly down- 
wards. 

The consideration of force causing change of motion 
is more congplex, since it introduces the’ question of 
t acceleration. This phase can only^ be ^^scussed at 
a later «tage. , 

Unit of Force. — To enable definite problems to 
be solved, it is essential to have a*^standard unit for 
the measurement of force. The British unit of force 
is the pound avoirdupois,"* and is spoken of as the 
engineer’s unit or gravitation unit. 

A forc^ of I lb. is that which will just support a 
weight •f I lb. against the action of gravity. 

The force of gravity, however, is not constant; it 
varies at different parts of the earth’s surface. It 
follows that the force of i lb. is not constant. Never- 
theless, the actual amount of variation is slight, and 
for all practical purposes the above definition can be 
taken as being exact. The British unit of force is 
absolutely correct only when measured at Greenwich 
sea-level. 

Force Elements, — A force is completely defined 

only when the following three elements are known. 

• 

1. Its place or point of application. 

2. The direction in which it acts. 

3. Its magnitude or size. 

• 

A fourth element is sometimes added, viz. the 
* sense, i.e. whether it is a push or a pull; in prac- 
tice, however, this is k^iown when elements i and 2^, 
are known. 

The point or place of applicatioi\of ^ force may •be 
•actually a point, a line, or a surface. In the .case 
o( a surface, the force is generally Considered as acting 
at the centre of the surface. In the case of a weight 
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acting as shown in fig. 2, the downward pull of the 
weight W is taken as acting at the centre of gra^vity 
of the weight. Fig. 2 also illustrates a case where 
the force is acting on a line, the line beit^g the length 
of the dray^ing and pressing rollers, and its position 
that where the pressing roller P and tl\e drawing 
roller D are in contact. In such cases, the pressure 
in pounds per inch of width js commonly adopted as 
a standard of comparison. 

Fig. 3 is a simple exa*iiiple of a force being con- 
sidered as acting at a point. A basket of cops B is 



being pulled along the floor F by means of a cord C. 
The pull in the cord is conveyed to the basket at the 
point P, which may be regarded as the point of 
application of the pulling force in the cord C. 

The direction of a force is that line or path in which 
the force moves, or tends to move, the body on which 
it acts. In fig. 3, it will be noticed that the direction 
of the force is not the same as the direction in which 
the basket will move. The direction of the force is 
an oblique one, whereas the direction in which the 
basket will move is horizontal, along the floor in 4 he 
direction indicated by the arrow A. Nevertheless, 
tlte; basket will t^nd to move in the same direction 
as .the force. Indeed, it will be seen later that only 
part of the ftrce in the cord C is being us^d to pull 
the basket horizontally along the floor, while the 
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remainder of the force is tending- to lift the basket 
from off the floor. 

The magnitude or size of a force is the number of 
pounds of pwll or push with which the force acts on 
a body. The pound is a convenient unit for many 
cases, IfUt where the forces un^er consideration are 
large, any multiple unit of the pound, such as ton, 
hundredweight, &c., roay be used.'’ 

Representation of Forces. — It is necessary for 
a complete understanding ^^f certain problems, ahd to 
facilitate their solution, to be able to represent forces 
diagramnatically. They may be represented very 
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conveniently by means of straight lines. Fig. 4 shows 
a straight line XY, 3 in, long. Either end of the line 
XY may be the point of application. The addition 
of an arrow-head at Y, and the line itself, show that 
the direction of the force is horizontally towards the 
right. The line is drawn a definite length';' 3 in., and, 
by adopting a suitable force-scale such as i in. to i lb., 
may represent a force of 3 lb. - The same line, by 
adopting other force-scales, may represent tons, hun- 
dredweights, or any other desirable unit. For ex- ’ 
ample, it may represent 3 tons (i in. to i ton), or 6 
cwt. (i in. to 2 cwt.), &c. Thus, if Y is known to be 
tfie point of application^ and the force-scale is i iti. to 
I lb,, the straight line XY will represent a force of 
3 lb. acting on a body and moving it^ or tendigg to 
‘move it, horizontally to the right. The force may 
either b« pushing the body at the poirjt X or pulling 
it at the pointy Y ; it will be understood that a metal 
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bar or similar stiff material connected to any point in 
the line of the force would enable the body to be either 
pulled or pushed, whereas a flexible connection could 
be used only to pull the body. 

Exercisers, with answers, on p. 155. 
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CHAPTER II 

FORCE, WORK, AND POWER 

Force. — As previously explained, forcQ is that 
which causes, or tends to cause, motion or change of 
motion in the matter upon which it acts. It is 
measured in gravitational units, the pound avoirdu- 
pois, or any convenient multiple of the pound. The 
main point to remember at present is that it is 
measured by a simple unit involving one kind of 
dimension only, viz. pounds. 

Work. — When any force acts on a body, and 
causes that body to move, the force is said to have 
done work.* In the measurement of work done there 
is no question of the time which the forcfe takes to 
complete the movement. If we assume a loom to be 
running at 150 picks per minute, the full cycle of 
operations, so far as the revolution of the crank 
fig. I, is concerned, is completed in the r^rth part of 
a minute, or in one revolution of the usual driving 
pullfey. If the speed of the joom for any reason «is 
reduced to 140 picks per minute, the same quantity of 
wotl^ is still done ip one revolution of the pulley; the 
sole difference 'is that the complete cycle of operations- 
has occurred i^ the fh^th part of a minute. The speed 
or rate at which the operations take place does not, 
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‘however, alter in any way the quantity of work done 
in one revolution of the pulley. 

If the force simply moves the body through any 
distance, gjeat or small, in any period of time, work ' 
is done. Two things only are considered: (a) the size 
or magjiitude of the force, and (b) tlfe distance through 
which the force acts, or through which it overcomes 
resistance. ‘ ^ 

Unix of Work. — Work done is therefore measured 
by a compound unit, involving force and distance. 
The unit of force is i lb., while the unit of distance is 
taken to be i ft. Combining th^se two units, the foot 
and th^ pound, we obtain the unit of work, known as 
the foot-pound or ft.-lb. Thus: 

* I ft. X I lb. = I ft.-lb. = I unit of work, 

10 ft. X 5 lb. = 50 ft.-lb. = 50 units of work, 

or, in general, 

jv ft. X jF lb. = ft.-lb. = xjy units of work. 

The foot-pound may therefore be defined as the 
amount of work done when a force overc( 5 Vnes a resis- 
tance of i*lb. through a distance of i ft. 

Example /. — In pushing a loaded yarn-barrow along 
.the level floor of a mill, the operative has to exert a^ 
cgnstant force of 50 lb. How much work does he do 
in 5 min., supposing he travels at the rate of 3 miles 
per hour? 

3 miles ger hour _ 3 x 5280 ft. 

60 min. per hour 60 min. 

= ^64 ft. per minqtA 

264 ft. per minute X 5 min. = 1320 ft. in 5 min. 

Work done in 5 min. =• 50 Ib^ X 1320 ft. 

= 66,000 ft.-lb. 
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Or, more briefly: 


Work done in 5 min. 

_ 3 miles per hour ^ 5280 ft. ^ 5 min. ^ 50 lb, 
60 min. per hour i i i 

_ 3 X 5 X 50 

60 

= 66,000 ft.-lb. 


Example 2 . — A pump at work in a bleachfield ii 
employed in raising water f: om a well to an overheac 



tank; find the amount of work done in raising 136 c 
ft. of water to a height of 20 yd. Refer to fig. 5, ah( 
assume i c. ft. of water = 62I lb. 

^Work done = Weight lifted in pounds X distance move, 
in feet 

= (136 p. ft. X 62^ lb. per cubic foot) lb. > 
(20 yd. X 3 ft. per yard) ft. 

= (436 X <62^ X 20 X 3) ft.-lb. 

= 510,000 ft.-lb. 
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Example — A hole is punched in a piece of woven 
belting ^ in. thick, the pressure exerted being esti- 
mated at 50 lb. Assuming the resistance to be uniform, 
find the number of foot-pounds of work’done. (See* 
fig. 6.) 


50 lbs. 



Figf. 6 


Work done = Distance in feet X force or resistance in 
pounds 

= J in. 12 in. per foot X 50 lb. 

= (i X »< ¥) ft-ib. 

= = 1.042 ft.-lb. 

Example 4. — The plunger of a force-pump in a cer- 
tein dy^-house is 8 in. in dian»eter, tjie length of its 
stroke is 2 ft. 6 in., and the pressure of the water is. 
(P 105 ) • * 2 
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50 lb. per square inch. Find the number of units of* 
work done per stroke. (See fig. 7.) 

Work done =f^ Distance in feet X force in pounds X total 
,, pressure on plunger . r 
=? 2 ft. 6 in. stroke X 50 lb. per square inch X 
area of^ 8 -in. -diameter circle ® 

= 2J ft. X (50 X *7854 X 8 in. X 8 in.) lb. 

= (2J X 50 X •7854.x 8x8) ft.-lb. 

= 6283* 16 ft.-lb. • 



Fig. 7 


In every case the student should attempt to make a 
diagrammatic sketch to illustrate the problem, some- 
what .similar to those given above in connection with 
the exampleTo worked out. This practice will ulti- 
mately give him a real facility in sketching, and 
ehable him readily to grasp and visualize the particular 
problem; the importance of being able to sketch 
rapidly cannot be too strongly emphasized. 

Variable Resistance. — In all the examples taken 
above, and in many other cases which arise in practice, 
the resistance to be overcome, and consequently th^ 
magnitude of the force employed, is a constant quan- 
tity.<^ On the other hand, however, in a large number 
of examples, the resistance to be overcome is a variable , 
one, so that th^. forceo required to overcome tl^e resis- 
tance is also a variable one. In a certain proportion 



FORCE, WORK, AND POWER 19 

of cases the variation is great and difficult to estimate. 
For instance, the force required to drive a machin-e 
such as a loom or a spinning mule varies at different 
points in tjie cycle of operations. If a loom is turned' 
round by hand, the operation is comparatively easy 
until Ihe pick occurs, at which •point considerable 
force is necessary to get the shuttle to move out of the 
box. Once the shuttle is sent' across, the resistance 
to motion is again comparatively slight until the oc- 
currence of the beat-up, %.t which point a stiffness is 
again felt, not so great as that occurring at the pick, 
but stil^ greater than usual.* ^ 

In a]l such cases, before work done can be calcu- 
lated, the average resistance must be known. This 
resistance may be found, as a rule, only by experi- 
mental means. The results may then be tabulated, 
and the average found by calculation ; squared paper 
and graphical methods in certain cases may be usjd 
with advantage. 

In certain other instances, however, although the 
resistance varies, it does so in a perfectly regular and 
uniform manner, and the average resistance is then 
easily found if the first and last values ar? known. To 
this sectfbn belong such problems as those which 
follow immediately, and which- illustrate the principle 
.involved; their demonstration will aid the student in 
\\{orking out others of a similar nature. 

Example 5. — The surface of the water in a dye- 
house storage-tank is at a depth of 10 ft., and when 
?oo gall, have been piynped out the surface is lotvered 
to 14 ft. Find the number of units of work done by 
the pump. Refer to fig. 8; i ga^l. of water = .it) lb. 

. The wgter on the surface AB is lifted a distance of 10 ft. 

>> n CD „ „ 14 „ 
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All the layers of water be- 
tween these two surfaces are ^ 
lifted distances varying be- 
® tween lo ft. and^i4 ft. The 
^ average distance through 
which the whole of the 
water is lifted is the average 

of 10 ft. and 14 ft., so that: 

• 

Woilc done = Weight lifted in pounds X average distance 
in feet. ^ 

= (500 gall. X ijo lb. per gallon) X ( ft. 

t .2 ^ 

= 500 X 10 X 12 ^ 

= 60,000 ft. -lb. 

Example 6 ,—k chain, weighing 30 lb. per fathohi, 
is employed to raise a bale of cotton weighing 500 lb. 
to a height of 36 ft. Find the number of tinits of 
work done if the load is raised to within 6 ft. of the 
point of suspension, (See fig. 9.) 

I fathom = 2 yd. = 6 ft. 

Work doije in raising bale 

= Load in pounds x distance in^feet 
= 500 lb. X 36 ft. 

= 18,000 ft. -lb. 

The work done in raising the bale is thus easily founji 
as the resistance, i.e. the weight of the bale, is con 
stant. Notice, however (see fig. 9), that, as the bale i 
raised, the length of chain susjjended from the pulle]^ 
*dnd consequently the weight of the chain being raised 
decpeases graduall]^. The weight of chain beinj 
raised thus varies continuously and uniformly through 
out the operation, bei«g a maximum at the beginninj 
and a minimum at the end. At the beginning ther 
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are 36 ft. + 6 ft. = 42*ft. of hanging chain; and al 
the end only 6 ft. of hanging chain. 
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Total work done 

= Work done on bale + work done on chain 
= 18,000 ft.-lb. + 4320 ft.-lb. 

= 22,^20 ft.-lb. 


Diagrams' OF Work. — It has been shown that any 
force may be represented in magnitude by the length 
of a straight line, awd that lines may be made to repre- 
sent any length, weight, &c., *if a suitable scale is 
chosen* Force in pounds aLd distance in feet are the 


Q Area. done- 50 ft. lbs. 
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J 

Force | 
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A 

loft. -i 


Distance 

Fig 10 


respective components of work done, measured in 
foot-pounds. If any area be taken, such as the 
rectangle ABCD in fig. 10, the length AB of CD may 
be chosen to represent any distance to scale, while 
the wid^h or BC may likewise be made « 

to represent any force to scale^. Now the area of the 
rectangle is AB x BC, or CDs Jjp. But if AB 
represents distance in feet, and OM^resents force in 
pounds, the area of the rectangle^^BCD will repr^ 
sent Wbrk done in foot-pounds. Such a figure as the 
rectSr\gle ABCp ((ig. 10), is then spoken of as a 
diagram of work, its area representing to scale the • 
work done in foot-pOlinds. Suppose, for example,. 
.AB represents a distance of 10 ft., and BC represents 
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t 

d force of 5 lb., the area of ABCD correspondingly 
represents the work done by a force of 5 lb. in over- 
coming a resistance through a distance of 10 ft. The 
work is thus the product of the two— forca^nd distance 
— and is therefore represented by : 

« 

10 ft. X 5 lb. = .50 ft.-lb. 

This is one of the simplest examf)les of representing 
work done by an area, but the principle holds good 



irrespective of the shape of the diagram. For example, 
steam and other engine diagrams, drawn by a heat- 
engine iifdicator, are often very irregular figures ; the 
general form of a steam-engine diagram is shown in 
fig. M, where the length L of the diagram represents 
the stroke of the piston in feet to scale ; the height of 
the diagram tak^,^any point in its length, such as 
H, represents, scale, the steam pressure acting 

fDn the face of the piston at that moment. The area 
of the irregular diagram represents the total work 
done by the engine in i stroke of the piston. #It is 
convenient to note at this stage that the average 
pressure throughout the stroke is the average height 
of the diagram. 
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Diagrams of work done miy be drawn to suit all * 
cases; they are, in general, unnecessary when the 
result can be obtained by finding the product of two 
numbers as 'in connection with fig. lo, but are very 
useful when the force doing the work is continually 
varying in afi irregular manner or intermittently vary- 
ing somewhat as in fig! ii. The following examples 
are representative of the various forms in which these 
problems may occur in practice.*' 

Exa?nple — Work donk against Uniform Re- 
sistance. — A hoist, or elevator, is used to raise a 



Fig. la , 

0 

textile machine weighing 2 tons to the upper floor of 
a mill, a distance of 16 ft. Show by a diagram of 
work the amount of work done in raising^ the loa(f. 

Let I in. = I ton = the ^ce scale, 

* and I in. = 4 ft. = the^ distance scale. • 

D|aw the line AB, fig. 12, 4 in. long to represent 
the distance of 4' x 4 ft- = 16 ft. to the given scale. 

Set up AD vertically tp a height of 2 in. to represent 
2 tons to the given scale of i in. = i ton. Complete* 
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\he rectangle ABCD, the area of which now represents 
the work done in raising the machine to the desired 
height. 

Area of r«ctangle = length x breadth (or height) 
= 4 in. X 2 ir^. = Ssq. in., 
but eacfl square inch = i ton x«4 ft. 

= 4 ft. -tons. ^ 

8 sq. in. =«(8 x 4) ft. -tons 

= 32^ft.-tons, the work done, or 

directly: 

Work done = 16 ft: x 2 tons 
^ =32 ft.-tons. 

ExamJ>le 8 ,— Work done against a Uniformly 
Increasing Resistance.— Refer again to Example 
6, p. 20, and suppose that the chain usfcd on the bale 
is coiled home to the point of suspension, and is then 
lowered until 42 ft. are hanging free; find the work 
done in the lowering of the chain, and show by a 
diagram how the force varies. 

At the beginning, the effective weight of the chain 
is o. At the end, the weight of the chain at 30 lb. 
per fathon> is 

42 ft. 

• D It. per fathom 


So that the force will vary continuously and 
regularly from o at the beginning to 210 lb. at the 

eilti. 


Scales used 


Force = 
Distance = 


I in. to 100 lb. 
I jn. tp 10 ft. 


Draw ^le line AB, fig. 13, 4-2 >n. long to represent 
the distance of 42 ft. Set up BC vertically a height 
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of 21 in. to represent the 



Work done = 


force at the end of the 
operation. The force at, 
the beginning is o, repre- 
sented by thf point A; 
if AC be joined, the line 
AC shows how thfr lower- 
ing force continuously 
and uniformly varies from 
o to 210 lb. • 

« 

area of diagram 
area of triangle ABC 
I base X altitude • 

4^t. 

2 

4410 ft. -lb. 


X 210 lb. 


I ^ xam / f/e g.—WoRK done against a Uniformly 
D/'CReasing Resistance. — Take the same case as 
given in Example 8, but show by means of a diagram 
the work done in bringing the end of the chain home 
to the point of suspension through a distance of 42 ft. 
At the beginning the force required 

_ = — X 30 lb. per fathom 

6 ft. per fathom ^ 

At the end the force Re- 
quired = o. • 

Between these two ex- 
tremes the force varks 
continuously and uni- 
formly. Again, using the 
same scales as in Ex-< 
ample 8, draw A§, fig. 14, 
4-2 in. long, to represent 42 ft. Set up AC, 2*i in. 


= 210 lb. 
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*/ong, to represent 210 lb., the weight of the chain, 
^and therefore the force required at the beginning.- 
Point B represents the force at the end. Join BC to 
complete th^ diagram. 

Work done = Area of diagram =, area of ^ ABC 
= \ base X altitucte 
_ 42 ft. X 210 lb. . , 

£ 

= 4410 ft-lb^e 


If the diagrams in figs. 13 and 14 be compared, it 
will be sten that they are similat, but mirror images 
of each^other, as might be expected from the nature 
of the problems. Example 8 is concerned with the 
lowering of the chain, and the present one with the 
raising of it. 

Example 10. — Work done against a Combina- 
tion OF Uniform and Variable Resistances.-^ 
Refer to Example 6, p. 20, and draw a diagram of the 
work done in raising the bale of cotton with the chain 
through a height of 36 ft. 


Scales used : 


[Force = 
IDistance = 


I in. to 200 lb. 
I in. to 10 ft. 


, A commencement may be made by setting up AB, 
3 *^ iri. long, to represent 36 ft. The bale 
weighs 500* lb., and this weight, and therefore the 
force required to lift it, is constant. Set out BC 
h#rizontally, 2*5 in., to Represent 500 lb., and complete 
the rectangle ABCD, which shows the diagram 0/ 
work done in raising the bale of.cottpn only. , * 

• At the beginning of the operation the chain hanging 
free weighs 210 lb., so from AD exter^ded make the 
line DE 1*05 in. to represent 210 Ib. At the end of 
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the operation the part of the chain hanging free weigh 
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fore obtained by the usual general rule. 


30 lb., so on BC con 
tinued make CF 0*15 in 
long, to repr^ent 30 lb 
Complete the diagram hy 
joining EF. The tra- 
pezium CDEF represents 
the work done in raising 
the chain. , 

• The complete diagram 
AEFB, which is also a 
trapezium, repres^ents dia- 
grammatically th^ whole 
work done in the opera- 
tion, and its area is there- 


Area = ^ sum of parallel sides x perpendicular 
distance between them 
= (500 + 210) lb. + (500 + 30) lb. ^ 

. = 7J? . »b- + 53olb. 

= 620 lb. X 36 ft. 

= 22,320 ft.-lb. 


fn the diagram in fig. 15 force is represented hori^ 
zontally, while height or distance is represented verti- 
cally; this is technically known as a “force base’^, 
whereas the previous diagrams are drawn on a 
“dfstance base”. It is imipaterial which is ustd 
as a base, and it is usual to choose that which appears 
to •bp the mofe convenient. It may be further re- 
marked that the complete diagram is really a com-, 
bi nation of twp, the ‘first being a simple re<ftangular 
. diagram, such as is given in Example 7, and the 
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other a variation of that used in Example 9, dealing 
.with a uniformly decreasing resistance. 

Example //,— Work done against ^n Irregu- 
larly Vi^YiNG Resistance. — A steam-engine 
• diagram is represented in Bg. 16, If tiie stroke of 
the pis^n is 4 ft., the scale of tlje diagram the 

area of the face of the piston 400 sq. in., find the work 
done per stroke. ^ * 

The scale marked ^ is the pressure scale, and im- 
plies that of an inch in 'height corresponds t6 i lb. 



of steam pressure in the engine cylinder on each 
square inch of the piston area, in other words, i in. of 
height = 40 lb. per square inch of steam pressure. 
The work done is given by the area of the diagram, 
and, as previously mentioned (p. 23), the area of the 
diagram may be found by multiplying its length by 
the average height. Any irregular figure may be 
ti^ated in this way (seCaWoodhouse & Brand’s Textile^ 
Mathematics^ Part II, p. 12). 

The area of the diagram may he found directly by 
• means of a planimeter, but, as the mean or average 
pressurefis required for calculatiftg the(horse-power of 
an engine (see Jater), it is more convenient for present 
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purposes to obtain the average height of the diagram 
•which corresponds to the mean or average pressure, 
throughout the stroke of the piston. This average 
height may 'be found in a number of wa3;s; a simple 
and convenient method is that shown in fig. i6. The 
length of the diagram is divided into ten equal parts 
denoted by the lines &c., and the average 

height of each 6f the sections of the diagram is 
measured along the dotted vertical lines aaj. Mi, &c. 
These ten measurements, Vhich appear close to the 
lines in the diagram, should be collected to find the 
average; thus, , 

Average height * 

= •54+‘68 + ‘8i + ♦94 + i»i 2+ i>4+ 1-5+ i»56-H>6 + i»37 

= = r.,52in. 

lO 

But each inch = 40 lb. per square inch. 

/, I *152 in. = (40 X I • 152) lb. per square inch 

= 46*08 lb. per square inch pressure. 

The, total force acting on the piston is thus 

46*08 lb. per square inch X 400 sq. in. = 18,432 lb. per 
stroke. ' 

An average force of 18,432 lb. thus overcomes a 
resistance through a distance of 4 ft. Now, 

Work done = Resistance or force in pobnds X space 
or distance in feet. 

= R X S 

= 18,432 lb. X 4 ft. 

, = 173,728 ft.-lb. per stroke. 

Squared paper, preferably ruled in inches apd tenths 
of an inch, will be found most useful for the speedy 
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'and accurate drawing olF diagrams of work, such as 
those in the above examples. 

Power. — Power may be defined as the rate at 
which work is done. It has already been^stated that 
force involves k simple unit only, viz. pbunds. On 
the othv hand, the unit of work is net simple but com- 
pound, since it involves the product of force and 
distance, work being done when -a resistance is over- 
come tlirough a certai/f distance. When measuring 
the rate at which a particu^ar force overcomes a' resis- 
tance, time must be taken into account, and in doing 
so there is involved the more complex unit of power. 
If it be j^nown that a force of, say, 10 lb. overcomes a 
resistance through a distance of, say, 50 ft. in a certain 
definite space of time, such as i min., the rate at 
which the work is being done is known, and this rate 
is termed the power of the force. If the work were 
done in | min. instead of i min., the force would ^e 
twice as powerful as in the longer period, since it is 
doing the same work in half the time, i.e. it is working 
at twice the rate, or twice as fast. 

Unit of Power. — The unit of power in English- 
speaking countries is called the horse-powef, commonly 
abbreviated to H.P., and often to PP. It was so 
called by James Watt, whose steam-engines were"* 
often used to do work previously done by horses. 
He arbitrarily fixed the unit as being equal to 
33,000 ft.-lbw of work per minute, or 550 ft.-lb. per 
second. 

^)ne horse-power may therefore be defined as ’the 
activity or rate of action of a force which does work at* 
the rate of 33,000 ft.-lb. per minute^ ^ ^ • 

• A force of 100 lb. acting through 330 ft. in I min. = i H.P. 

. i33o n 50 %» i =iH.P. 

550 M 100 ,, 100 sec. = I H.P. 
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A general expression, which is easily remembered, is 


H.P. 


RS 

33,000' 


where R is the resistance overcome in pounds, and S 
is the space passeti through in ittiper minuter 
Example 12 . — Referring to Example i, p. 15, it is 
seen that the operative does 66,000 ft. -lb. of work in 
5 min., or, to put it another way, he exerts a.force of 
50 lb: through a distance ‘of 1320 ft. in 5 min. At 
what rate is he doing work, i.e. what is the equivalent 
horse-power? 

HP- ^ ft* ^ 

“ 33,000 33^000 X 5 min. 

= f = 0‘4 H.P. 

33,000 X 5 5 


^Example /j. — With reference to Example 2, p. 16, 
suppose the bleachfield pump raises 136 c. ft. of 
water a height of 20 yd. in 4 min. What horse-power 
is being exerted in raising the water? 

HP =f = (136 X 62^) lb. X (20 X 3) ft. 

33,000 33>ooo X 4 min. 

^ 136 X 62*5 X 20 X 3 ^ 

33,000 X 4 


This, of course, is the power expended in the act;ual 
raising of the water. Friction \n the pipes, friction in 
the working parts of the pump, iMperfect working of 
the valves, &c., would all contribute to increase con- 
siderably the actual horse-power required. 

Example 14 . — In Example 10, p. 27, it was shown 
that the work done in raising the bale of cotton and 
the chain is ajtogether 22,320 ft.-lb. If the (Operation 
is completed in J min., what horse-power is expended? 
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H.p. = = (500-f lb. X 36 ft. 

33,000 33)000 X J min. 

620 lb. X 36 ft. 620 X 36 X 3 IT n 

33,000 X 4 mm. 33^000 X i 

• 

Here^ again, the resulting figure is merely the horse- 
power expended in the actual raising of the bale and 
chain, no account being taken of friction, &c. 

Example I — If the indicator diagram in fig. ii is 
the average of a large number of working strokes, find 
the horse-power which tfie engine develops ‘when 
running at 200 strokes per minute (100 rev. per 
minute).* • 

H.p, ■ 

33,000 

(46^08 lb. per sq. in. x 400 ^q. in.) lb. x (4ft. x 200 strokes) ft. 

33,000 

= 46:08 X 400 X 4 X 200 ^ ,_g 

33,000 


In the case of any type of heat-engine, a special 
form of the general equation is more often used; it 
may be obtained as under: 

Let P = the mean effective pressure i^ pounds per 
„ square inch. 

A = the effective area of the piston in squar* 
inches. 

L = the length of stroke in feet. 

N = number of working strokes per minute. 

Now, . H.P. = 

33,000 

and, in the case of the engine, 


R = (P X A) and S = (L*x hT), so that* 
PA X L N ^ PALN 
33^000 33 »^’ 


H.P. 


(D106) 


33,000 
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With a view to enable the student to remember the‘ 
numerator, it is usual to change the positions of A and 
L, so that the equation may read: 

' HP = 

33 , 000 * 

Exercises, with answers, on p. 155. 


CHAPTER III 

STATICAL DEFINITIONS 

It has already been shown that the visible effect of 
force is motion, and that, where a force is applied and 
no motion occurs, there is, nevertheless, a tendency to 
produce motion. The gable or framing of a carding 
engine or a loom, for instance, does not move when 
the remainder of the machine is in motion; the gable 
is, however, subjected to many forms of force-action, 
and, to fulfil its function, must be made strong enough 
to resist thes;^ force-actions. In other words, the forces 
acting on the gable tend to move it, and are prevented 
from doing so by the design and fixing of the gable, 
and the force-actions are resisted by stresses in the 
material. In such machines, and in several others* 
there are many different forces, and if the machihe 
were not fixed to the floor, those which preponderate 
in a certain direction would cause the whole machiye 
to move gradually in the corresponding direction. 
Forces such as stresses in materials, and which do 
not actually ckuse' motion, are dealt with by that 
branch of science known as Statics, and it will prove 
convenient to Hake up at this stage several useful 



STATICAL DEFINITIONS 


and general definitions, tvhich will render subsequent 
chapters more easily understood. 

Forces in Equilibrium. — i. When any number 
of forces acting on a body neutralize the effect of one 
another, the forces are said to be in equilibrium. 
Another way of stating the same proposition is: If 
any number of forces be applied to a body and the 
body remains in the same condition as to rest or 
motion it was previous to the forces being applied, 
then the forces must be balanced, i.e. they mgst be 
in equilibrium. 

An ordinary balance or scale, such as is used in 
retail shops, may be used as a Simple illustration of 
this statement. The. scales, if placed on a horizontal 
surface and perfectly adjusted, will remain balanced 
and motionless. If a i-lb. weight is placed in one pan, 
the scale will immediately move, since all the forces 
acting on it are not in equilibrium. If a second i-lb. 
weight is placed in the other pan, the scale will a^ih 
move, in the opposite direction, and, probably after a 
few oscillations, will ultimately come to rest in the 
same position as obtained before the first weight. was 
applied. All the forces acting on the sca^ will again 
be in equilibrium, i.e. in a state of balance. 

2 . Two or more forces which are in equilibriurrf 
may be applied to a body, or removed from a body, 
without altering its condition either of rest or of 
motion. 

The scale illustration may again be used. It is 
oWious that if the two i-lb. weights — which are*two 
forces in equilibrium — fie removed simultaneously, th^* 
scale will still remain in the salne condition, as to mst, 

, as obtained before the removal of the weights. *Or if 
3>4>5 different pound-weigbts be placed in each 
pan, the same state of equilibrium will Vesult, because 
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the two sets of forces or weights are absolutely equal, 
•and balance each other. 

3. Forces which are equal in magnitude but opposite 
in directioii will destroy the effect of ^.each other. 
(This is actually the case with the two sets of weights, 
although the reason for the effect of their oppositely- 
directed action has not yet been considered.) The 
converse is also ^rue, i.e. no system of forces can 
destroy the effects of another system of forces, unless 
they are equal in magnitude and opposite in direction. 

A slight study of the scale illustration used above 
will render these sta(emehts self-evident. 

4. A force will produce the same effect at any point 
in its line of action. If any particular force is known 
to produce the same effects at two different points, the 
straight line joining these two points will give the line 
of action or the direction of the force. 

This fourth definition is obvious, and needs no 
further explanation. 

Action and Reaction. — When any fixed rigid 
body is acted on by a force, there is immediately 
produced in that body a secondary force equal in 
magnitude but opposite in direction to the primary 
force. This secondary force is termed a force of 
reaction, the primary one being regarded as a force 
of action; the chief point to grasp at present- is that 
one cannot exist without the other. 

Let the student take a weight of any kind and place 
it on a horizontal surface such as a table. The weight 
will remain on the table; it c|pes not move about the 
table, neither does it fall through it or rise up from it. 
TKfe reason is that whenever the weight is so placed 
on the table, it immediately exerts a vertically down- 
ward force on the table, and tends to fall through it; 
it is prevented from doing so by a secondary force or 
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reaction being immediately set up in the table which 
•resists the primary force. If the weight and the table 
do not move, this secondary force must be equal in 
magnitude jDut opposite in direction to flie primary 
• force. Again, a light celluloid or other ball can be 
kept fr(?m falling by a suitable jet o^ water.* If the jet 
of water were constant in force and its particles suit- 
ably distributed, the ball would remain suspended. 
It rises end falls intermittently, 
because the force of the water 
jet is variable. Action and 
reaction .are again equal but 
opposit ily directed. Hence, as 
it is often stated: Action and 
Reaction are equal in magni- 
tude, opposite in direction, and 
neutralize each other s effects. 

Resultants and Com- 
ponents. — If a number of ^ 
forces acting on any body can 
be replaced by a single force 
with the same result, this single C 

force is termed the resultant >7 

of the individual forces, and the 

individual forces are called components. The opera- 
tion of finding the resultant of a system of forces is 
teamed Compositimi of Forces^ while the operation of 
finding coftiponents is termed Resolutmi of Forces, 
As an illustration, suppose that two forces OA and 
(5B, fig. 17 , are acting obliquely downwards frc5m a 
point O in a body, these two forces may be replace^f 
by a single force denoted by the ^ne OC. The rtcact 
• direction and magnitude of this single force OC will 
naturally be influenced by the -exact magnitudes and 
directions of ^ the pair of forces OA and OB. For 
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instance, if OB is a greater force than OA, then OC 
•will be nearer to OB than to OA. The forces OA 
and OB are components of the force OC; the force 
OC is the resultant of the two forces OA and OB. 

Equilibrant. — If a number of forces act on a body 
and move or tend to move it, the single forcb which 
will neutralize this motion or tendency to motion is 
termed the Equilibrant, or balancing force. 

With reference to fig. 17, it is clear that the down- 
ward •pull of the two forces OA and OB could be 
neutralized by the upward pull of a suitably dimen- 
sioned force, such ?s that indicated by 0.0. The 
exact magnitude and direction of this upward force 
will again be influenced as a matter of course by the 
magnitudes and directions of the component forces. 
The force OD is thus the equilibrant of the two forces 
OA and OB. In any particular system of forces, it 
is fvident from the given definitions, that the Resultant 
and the Equilibrant must be equal in magnitude but 
opposite in direction, as indicated in fig. 17. 

Exercises, with answers, on p. 157. 


CHAPTER IV 

CENTRES OF GRAVITY 

Matter. — When matter is examined fr6m the point 
of view of structure, this structure is found to be some- 
, what complex. A piece of wrought iron, for instarfce 
— wrought iron being a practically pure substance — 
may.be subdiv»*ded« by abrasive action of any sort into 
extremely small pieces termed particles, literally “ little 
parts Thesp partides can be further subdivided into 
. extremely minute pieces termed molecules, literally 
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little masses”; a molecule is de/jned by chemistry 
•as the smallest weight of matter that can retain the 
original properties of the matter; these molecules are 
still furthei* subdivided into atoms, which are defined 
by chemists as the smallest particles of matter that can 
take p^'t in a chemical change. At one time it was 
thought that atoms were indivisible particles, but 
recent study in this connection hefts led to the belief 
that atems themselves have a more or less complex 
structure, being composed of 
ions; the theory itself is re- 
ferred taas the Ionic Theory. ^ 

Force of Gravity. ~ 

Gravity is the name given to 
that force of attraction which 
all bodies possess for one an- ^ 
other. This force varies with 
many factors, the chief of 
which are the distance be- 
tween the bodies and their relative sizes and densities. 
The sun, moon, earth, stars, and other constituents 
of the solar system are all maintained in position in 
space by the forces of attraction exerted by one and 
all of the bodies. This property of attraction is 
briefly termed the force of gravity. 

• Weight. — Any bodies near the earth are attracted^ 
by the force of gravity towards the centre of the earth. 
This gravitational attraction causes a body to possess 
that which is termed weight. The weight of a body 
iS thus a measure of tjje gravitational attraction o*f the 
earth upon the body. 

Centre of Gravity. — Any bpdy js made i|p*of a 
number of particles, and the force of gravity acts upon 
each particle. This is represe^ited diagram matically 
in fig. i8, wl^re the arrow-headed lines BC represent 
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the downward pull of the force of gravity upon the 
particles composing the body A. The weight of the, 
body may be considered as the resultant of all these 
downward {parallel forces. ^ 

If the weight of the body could be concentrated at 
one point, this resultant would pass through the point; 
this assumption is also diagrammatically shown in fig. 
i8, where R is tho resultant, and O is the particular 
point. This point is termed tfie Centre of Gravity 
(often .abbreviated to C.G.).* 

In many kinds of calculations in mechanics the 
position of the centre of gravity is all important, since 
it may be assumed that the whole weight of any 
regular or irregular body can be concentrated and act 
at its centre of gravity. 

The exact position of the centre of gravity in any 
body is most correctly found by mathematical means, 
but a fairly advanced knowledge of mathematics is 
required except for the more simple geometrical 
solids. The purpose of an elementary work will be 
served by demonstrating how the centres of gravity 
may. be found in the case of simple objects by 
experimenta'i means. More correctly speaking, the 
following examples show how to find ^^^cejitres of 
\ireas of plane surfaces of various shapes, but from 
the' results obtained useful general deductions may 
be made. 

The student should obtain six pieces^ of smooth 
regular cardboard, and from them cut: (i) a 
rectkngje; (2) a square; (3) a parallelogram; (4)*^a , 
triangle; (5) a semi-circle; and (6) any irregularly- 
shafped surface witl^ straight and curved edges. He 
should further provide himself with a small leaden < 
plummet or brass plumb-bob and line, ^d two 
ordinary sewing-needles, one small and one large. 
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Example i 6 . — Determme experimentally the centre 
of area of a rectangle. 

Method. — The method described is perfectly 
general, anc^ should be followed in the pfesent and 
the five following examples: — 

1. Pi^ce a small needle through# the rectangle at 
any point near one edge, and suspend it from a door, 
wooden table, board, or the like, so that the card- 
board may swing on the*needle quite freely. 

2. Hang a plumb-line dn the needle, so that its 
cord lies as close as possible to the cardboard without 
actually touching it. 

3. Set the card swinging, and allow it to come to 
rest. The centre of area must now be directly under 
the point of suspansion. Mark the line of the plumb- 
bob near the edge opposite the point of suspension; 
remove the card, and draw a straight line between 
the two points. The centre of gravity is somewhere 
on this line. 

4. Repeat the third operation, using a new point 
of suspension, and obtain a second line which 
intersects the first at a point. This point of inter- 
section is the required centre of area. ^ 

5. Check the result by using a third point of 
suspension. The line thus obtained should pass* 
through the same point. As a further check, lay fhe 
caiad on any flat surface, push the large needle 
into the centre of gravity obtained, and lift the card 
slowly upwards. If the point has been correctly 
foffnd, the card will l^ft horizontally and have* no 
tendency to tilt downwards at any part of its edge. 

With the aid of a set-squar^, (jraw the^t^o 
' diagonals of the rectangle. The intersection of the 
diagonal# will coincide with the»point found. 

Make a sketch of the apparatus, similar to fig. 19, 
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and note that the centre of area of a rectangle is at 
• the intersection of its diagonals. 

Example /^. — Follow out the instructions given in 
Example i6, using the square cardboard, and verify 
the truth pf the following statement: — The centre of 
area of a square ik at the intersection of its diagonals. 
Note that this is simply a variation of Example i6, 

since a square is 
a special “form of 
rectangle. 

Example i8. — 
Again use the in- 
structions ' in Ex- 
ample 1 6 , using the 
parallelogram card- 
board, and see that 
the centre of area 
again coincides 
with the intersection 
of the diagonals. 
This result is to be 
expected, because a 
square and a rec- 
tangle may be re- 
garded as special forms of parallelograms. 

Example /p. — Repeat Example i6 with the triangle. 
When the centre of area has been found by experi- 
mental means, bisect any two sides, dnd join the 
middle points of these sides to the opposite angles 
, or points. The intersection of these lines shcflild 
coincide with the centre of area found. 

^.hus the centre of area of a triangle is at the 
intersection of the straight lines drawn from two of 
the angles to, the m’iddle points of the sides opposite 
these angles. 



Fig. 19 
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Example 20 . — With the same instructions from 
{Example 16, and with the semicircle, find the centre ol • 
area; when this has been established experimentally, 
draw the ra^jus perpendicular to the base br diameter 
of the semicircle. The centre ^ 

of area #ill be found to lie on * 
this line. This is shown in 

fig. 20, where AB is the radius, /® G \ 

CD the •diameter, and Xj the / 

’ ^ pi ■. I Q 

centre of area. A • 

Now measure AB and AG i-itr. 20 

very carefully, and find th*e ^ 
ratio between them. If the experiment has been care- 
fully and correctly conducted, it will be found that: 

the ratio .4244. 

ID I 


The following is the result of an actual ex- 
periment: — 

AG measured 5’05 cm. AG _ 5-05 _ a2A'X7 

AB ,, 11.90 cm. AB 11.90 

Mathematk:ally, the correct value is found to be 
AB 3^ 

But, since AB = the radius = R, it may be shown 
that 

AG = ^ •= •4244R. 

3™ 

Example 21 , — With a final use pf tlje instrucddhs 
•in Example 16, and the irregular figure, find the 
centre o4 area by experimental* means; the only 
efficient means of checking, apart from mathematical 
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calculation, is to suspend the figure from three or 
four different points, and to see that in every case thp 
plumb-line covers the centre of area originally found. 

In the ^reat majority of cases practical men have 
to deal with solids, and not with surfaces; never- 
theless the aba/e results are exceedingly useful. 
Generally speaking, if a body is symmetrical about 
any centre line, ^he centre of gravity lies in that line. 
If, by any means, two such Hines can be foiund in a 
body, the centre of gravity is at their intersection. In 
all bodies or surfaces of regular shape, this condition 
is easily fulfilled; in su‘ch cases, the centre, of gravity 
or of area (or centroid, as it is also termed), coincides 
with the geometrical centre of the solid or surface. 

Exercises, with answers, on p. 157. 


CHAPTER V 

THE PARALLELOGRAM OF FORCES 

In a nurfiber of problems in mechanics, it becomes 
necessary to find the single force which will either 
(i) balance two other forces acting at a point, i.e. 
ah equilibrant; or (2) replace and produce the same 
effect as two other forces acting at a point, i.e. a 
resultant. 

The method of solution depends upon the truth of 
what is termed the Proposition of the Parallelogram 
of Forces; an experimental method of deducing this 
proposition is given in the following paragraphs. 

Example 22 . — To deduce from the results of ex^ 
periment the Proposition of the Parallelogram of 
Forces. 
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The apparatus required is simple. It consists of 
^ an upright wooden board A, fig. 21, to which are 
clamped two light, freely-running grooved pulleys 
B and C. "Chese pulleys should be as fri'Ctionless as 
possible, and are preferably made of aluminium and 
constructed to run on steel centres. <' Cords D and E, 
to the ends of which weights of 20 oz. and 30 oz. are 



attached, are passed over the pulleys B and C, and' 
fi^ed to a small brass-wire ring at F. A third cord 
G is fitted to the ring as shown, and a weight (40 oz.) 
hung on todts lower end. Any weights, other than 
those mentioned, may be used, provided that the 
coMs occupy a position on the board suitable *for 
conducting the experiment satisfactorily. Lastly, a 
sheet of paper, MNPQ, is pinnec^ beljind the cofUs 
• as indicated. When the apparatus is thus arranged, 
it is fougd that the weights, amd consequently the 
cords, tend to occupy definite positions. By raising 
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the 40 oz. weight slightly, *k\\ the parts will move, 

, but, when the hand is withdrawn, they will gradually 
return to their original positions of rest. The 
positions df the essential parts when the whole system 
comes to rest should be carefully noted, and the 
operation repeate<^ two or three times to seetthat the 
positions of rest are always the same. 

From the abo^^e experiment it may be inferred 
that the three forces acting in the cord^ are in 
equilibrium, the 40 oz. force being regarded as the 
equilibrant of the two forces of 30 oz. and 20 oz. 

Now mark the point at which all three forces meet; 
this will be the centre of the brass ring F. From this 
point draw lines along the oblique parts of the cords 
D and E to show the directions of the forces due to 
the weights of 20 oz. and 30 oz. Choose a suitable 
force-scale, and mark off lengths to represent their 
magnitudes; these are indicated by the lengths FH 
anb FK, and they are equal respectively to 20 and 
30 units. From point F, set up a vertical line, and 
on it mark off-a length of 40 units to represent 40 oz.; 
this, is indicated by the line FL. 

FL evidently represents the resultant^ since it is 
equal in magnitude and opposite in direction to the 
•40 oz. force. Or, in other words, the 20 oz. and 
30' oz. forces are components of the 40 oz. force. 

Join the points HL and KL, and remove the sheet 
of paper MNPQ from the board. With the aid of 
a pair of set-squares see that HL is parallel to FK, 
and that KL is parallel to FH, i.e. that FHLK i# a 
'parallelogram. If the experirnent has been accurately 
conducted, it will be Vound to be exactly as stated. 
The' figure FUL^ is therefore a parallelogram in , 
which two adjacent *sides FH and FK represent, in 
direction and* magnitude, the forces of 20 oz. and 
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oz. respectively, meeling at the point F. The 
diagonal FL of this parallel, that which passes through 
the same point as the other two forces, represents the 
resultant of these two forces in direction aiKi magni- 
tude. From^his result the following important infer- 
ence ma]^ be drawn. ^ • 

Proposition of the Parallelogram of Forces. 
— If any two 

forces, acting in 
one plane at the 
same time, be 
represented in 
direction and in 
magnitude by two 
adjacent sides of 
a parallelogram, 
then the resultant 
of these two forces 
will be represented 
in direction and 
in magnitude by 
the diagonal of the 
parallelogram which originates in the poiift at which 
the forces n^eet. 

Example 2j . — A vertically upward force of 50 lb. 
is balanced by two forces of 30 lb. and 40 lb. respec- 
tively. Find the directions of the components and 
the •angle between them. 

Draw OA, fig. 22, vertically upwards from the 
poigt O, and make it 2J in. long, to represent 50 lb., 
so that the force-scale is*one of i in. to 20 lb. With 
O and A as centres in turn, «nd with a radius 
in. (30 lb.), draw the arcs BC artd DE. With A 
and O as centres, and a radius of 2 in. (40 lb.), dra\V 
the arcs Pg and HK, cutting the first? two arcs in 
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points L and M. Join OL^LA, AM, and MO, and 
form the parallelogram OLAM. 

OA (50 lb.) is now the diagonal of a parallelogram, 
two sides of which, OL and OM, represent 30 lb. and 
40 lb. respectively. If OA is the equihbrant of the 
system arfd acts upwards, the two compon^ts, LO 
and MO, must act downwards and pass through the 
point O as indicated by the arrow-heads. If OA had 
been a resultant, instead of an equilibrant, then OL 
and OM would have act'^d upwards. 

Diverse means may be employed to find the angle 
between the components. Thus: 

1. Measure LOM with a protractor. If the dia- 
gram is large and accurately drawn, LOM will be 
found to be 90”. 

2. Use trigonometrical means. Thus OLA is a 
triangle, the three sides representing to scale 30, 40, 

and 50 lb. Now, with respect to LOA: 


LOA 


hs- /) [s -- a) 

“T ~ \ ~ la 

‘and i = 4^±iP_±_3? = 6o, 


. . LOA \ 

whence, sin = ^ 


(60 - 5 0) (6 0 - 30 ) 
50 X 30 


^ Ji 

\ sO X 30 Vs 


1 50 

x /-2 


.4472. 


LOA 


26^ 34', 

2 u 

and LOA = 53^8'. 

In a simiJar manner AOM may be sfibwn to be 
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36° 52', so that the whole angle required, or LOM 
53° 8' + 36° 52' = 90° = I right angle, i.e. the • 
angle between the components OL and OM is 90°. 

3. As a Aeck on the above, if LOM* is a right 

angle, I 5 AM is also a right angle, »o that OLA and 

OMA are also each a right angle, i^e. OLAM is not 
merely a parallelogram,* but a rectangle. ^ OLA 
is therefore a right-angled triangle, of which OA 
is the hypotenuse. Consequently 

(OA )2 = (OLf + (AL)S 
i.e. 50^ = 30^ + 40^ 

2500 = 900 -f 1600, 

2500 = 2500. 

Whence it is proved that OLA is a right angle, and 
the remainder, given above, therefore follows. 

4. The student may have noticed that in each of fhe 
two triangles, OLA and OMA, the constituent sides 
are proportionately equal to 3, 4, and 5, and hence 
they are right-angled triangles. (See Woodhouse 
and Brand’s Textile Mathematics ^ Part p. 26.) 

Example *2 ^. — A bale of cotton weighing 500 lb. 
is raised by a rope passing over a pulley as indicated • 
in^ fig. 23. Find the stress on the stud on which 
the pulley revolves, due to this load. 

I’he two forces are: (i) a vertically downward force 
of 500 lb. due to the weight of the bale, and (2) a 
horizontal force (to the right) due to the pull exertfed 
in raising the bale. Friction in the pulley, &c., is * 
neglected. The lines of force-cfction in^the two parts 
^f the rope will, if produced, meet at the point O. 
The stresj or pressure on the stud must be the resul- 
tant of all the force-actions brought into^lay. 

(© 106 ) • 


4 
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From any point P, fig. 23, draw PQ vertically 
downward, parallel to OA and 2 in. long, represent- 
ing 500 lb. to a scale of i in. to 250 lb. Similarly, 
from poirit P, draw PR horizontally towards the right, 
and make It 2 in. long, for 500 lb., t6 the same force- 
scale, since the ,;5tress in the rope is the sasne at all 
parts. Complete the parallelogram PQSR, and draw 
the diagonal PS, which represents the resultant of 
PQ and PR in magnitude and in direction. , Measure 



PS carefully, and find the number of pounds it repre- 
sents. 

PS = 2-8310. = 707-5 lb. 

707-5 lb. is thus the pressure on the stud of the 
pulley, and it evidently acts obliquely downwards 
towards the right at an angle of 45°. 

As a proof to these figures, PQ and PR^ are equal 
in magnitude, while the former is vertical and the 
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'latter horizontal, i.e. Q 9 R is a right angle, whence 
PQSR is a square. It follows that 


PS = V(PQ)‘^ + (PR)^ 

= V5oo‘‘^ 500^ 

= V 250,000 + 250,000 


= 707*1 lb., 


or PS = ^4 + 4 = Vs 
= 2*828, ,• 

and 2-828 X 250 .F= 707 lb. 
Aga^ ^ = cos 45- 


PS = -J^ = 

cos4§ 


33 707 -I lb. 

.7071 


Example 2^.— The conditions are identical with 
those in Example 24, except that the direction of the 



Figr. 34 


two parts of the rope form an angle of 60° in place 
of ^0°. 

Proceed as indicated Ki fig. 24, using the same force-* 
$cale of I in. to 250 lb., and# ultimately obtain the 
^resultant PS as in fig. 24. Measure ’PS careftilly, 
and calculate the force it represents. 

PS = 3*46 in. = *865 lb.», 
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PQ 

IPS 


^ = cos 30 . 

PS = 2 X PQ cos 30* 
= 2 X 50b X -866 
= 866 lb. 


It will be seen that, as the angle AOB, figs. 23 and 
24, gets smaller,** the stress (^n the pin becomes pro- 
portionately greater. It rpay also be inferred that, as 
the Angle increases from 90° to 180'’, the stress will 
become correspondingly less. Indeed, at 180° (two 
right angles) both parts of the rope would be in one 
straight line, and the stress on the pin would vanish. 
Again, when OB becomes parallel to OA, the stress 
on the pin will be a maximum and equal to 1000 lb. 

Parallelogram of Velocities. — When any body 
is in motion, and it is desired to state the rate at which 
the motion is taking place, some such expression as 
22 ft. per second, or 15 miles per hour, is used. 22 ft. 
per second, or 15 miles per hour, is the rate of motion 
or speed of the body; occasionally the term velocity 
is used. In mechanics, however, the term velocity 
means more than a mere speed; it means speed or 
c rate of motion in a given direction^ so that the velocity 
of a moving body may be changed: 

1. By altering its speed only; 

2. By altering its direction only; and , 

3. By altering both speed and direction. 

It is possible for a body to possess at one time ncore 
than one velocity. Take, for example, the case of 
abloom shuttle in its ^’ourney from box to box. 

i! The shuttle moves, say from left to right, iix 
what is apparently,., at first sight, an approximately 
horizontal difection at a certain speed. 
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2. As the shuttle crosses the shed the lay moves 

, backwards, carrying the shuttle with it, so that the . 
shuttle moves laterally at a certain speed. 

3. The position of the crank and connecting arm 
in most looms is such that as the lay rnoves back- 
wards it? surface moves downwards, »o that the shuttle 
must move downwards with it. 

The actual velocity of the shuttle is thus com- 
pounded^of at least three velocities while the lay moves 
backwards only. It may have three different v«loci- 
ties as the lay moves forwards. 

Each of these three velocities* is a ~ — tiC 

compone.it of the actual or resultmit - ^ N / * 

velocity. /^.E 

Example 26. — Draw a straight 
line AC, fig. 25, at 45'' to the hori- /\45“ 
zontal. Make this line 2 in. long; Ip 

it may now be taken to represent 
the velocity of a ship sailing north- 
east at a speed of 20 knots (i knot = 6080 ft. per 
hour), the velocity scale being i in. to 10 knots. If 
the ship is sailing north-east, its direction is partly 
north and partly east. Its absolute velocity may 
therefore b^ regarded as the resultant of two veloci- 
ties, the direction of one of which is north, and that * 
of the other east. Now draw AB vertically upwards 
(north), and AD horizontally to the right (east). 
Make BC ahd CD parallel to AD and AB respec- 
tively. In this way the resultant velocity AC has been 
resolved into two components, one vertical or north, 
and one horizontal or east, as AB and AD respective^. 

^ AB = 1*41 in. = 14-1 knots = nt)rtherly velocity. 

AD = 1-41 in. = 14*1 knots = easterly velocity. • 

Stated in anotljer way, the north-easterly velocity of . 
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20 knots is equivalent to two simultaneous velocities, 

■ one northerly and one easterly, and each equal to . 
14-1 knot^ 

Notice th^t AC is the diagonal of a parallelogram 
ABCD, two adjacent sides of which, AB and AD, 
represent simultaneous velocities of the ship. On 
these premises, one may found a second proposition, 
analogous to that* of the Parallelogram of Forces. 

Proposition of the Parallelogram of Velo- 
cities. — If any two velocities, equal or unequal, occur 

in a body at one time, 
and can be represented 
in direction and magni- 
tude by the adjacent 
sides of a parallelogram, 
then the resultant of 
these two velocities can 
be represented in direc- 
tion and magnitude by 
the diagonal of the pa- 
rallelogram which origi- 
nates in the^^common point of the two adjacent sides. 

Example 2'j , — The carriage of a spinning mule tra- 
^ vels 60 in. in 10 sec., i.e. 6 in. per second. ' By means 
of a diagram, determine the velocity of a point on the 
rim of one of the wheels at the instant the point ‘is 
passing the forward end of the horizontal diameter of 
the wheel. 

"JVith centre O, fig. 26, draw a circle AGBF to 
..represent the wheel; through O, draw AOB, the hori- 
zontal diameter. If t|he wheel be rotating in the 
direction shown by the arrow H, then B is the required 
point. 

Notice that, the whbel has two motions, aVevolving 

fl-iQ rlif.or.firkn inrlir'al-Arl hv 



Fig. a6 
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arrow H, and a forward sfraight-line motion along the 
rails in the direction of the arrow K. The velocity of 
the point B is thus a resultant of two velocities. 

If the spe^d of the carriage be 6 in. p^r second, 
then point O, and indeed all points on the horizontal 
diametei^ will also be travelling in tlje direction of the 
arrow K at 6 in. per second. Again, at any instant 
during the wheel’s rotation, point B ig- moving tangen- 
tially to the rim ; at the ihstant it reaches the position 
shown, its direction is thus' vertically downward:^ i.e. 
at right angles to the horizontal radius OB. Thus 
the point has two velocities, one horizontally forward 
at 6 in. per second, and one vertically downward at 
6 in. per second. These two velocities are the com- 
ponents of the resultant velocity required. 

Draw BC parallel to OB, and make it represent 
6 in. per second to a velocity scale of, say, i in. to 6 
in. per second. Draw BD at right angles to OB, and 
also make it represent 6 in. per second to the same 
scale. Complete the parallelogram by drawing DE 
parallel to BC, and CE parallel to BD. Join BE. 
Measure BE carefully, and calculate the required 
resultant velocity of the point B. 

BE^= 1-41 in. = 8-46 in. per second. 

The result may also be found by calculation. Thus 
BrjE is a right-angled triangle, therefore 
’ (BD )2 + (DE )2 = (BE)‘^. 

62 + 62 = (BE) 2 , 
iBEf = 36 + 36 . 

/. BE 1= 72 

= 8*48410. per seispnd. 

.As shQwn, a slight discrepancy may appear if the 
length BE is measured instead of calcufeted* 
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Notice that at the instant (^oint B is moving at 8-484 
in. per second, point F is stationary (i.e. its velocity 
is zero), while point G is moving faster than any other 
point on the rim, because, for an infinitegimal period, 
the point CJs rotating about the point F at a distance 
FG; all points 0|;i the rim occupy both positions, and 
every other position, in each complete revolution of 
the wheel. 

Exercises, with answers, ofi p. 158. 


CHAPTER VI 
THE TRIANGLE OF FORCES 

In many cases, mechanical problems involve the 
meeting or intersection at one point of three lines of 
forte acting in the same plane; such problems may be 
solved very conveniently by the application of what is 
termed the Triangle of Forces. 

Proposition of the Triangle of Forces. — The 
proposition asserts that: — If any three forces, acting at 
a common point in one plane, are in equilibrium, and 
' a triangle be drawn with its three sides respectively 
parallel to the directions of the three forces, taken in 
order, then the magnitudes of the three forces will, be 
proportionate to the lengths of the three sides of the 
triangle. 

The converse is also true, namely, tl^t if the three 
“‘sides of a triangle taken in or(ler can be drawn parallel 
toHhe directions of and with lengths proportionate to 
the i^agnitude of three forces acting at a common point • 
in one plane, then the three forces are in eqviilibrium. 

The truth of the proposition may be proved by using 
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apparatus exactly similar to that shown in fig. 21, 
4D. 45, with reference to the Parallelogram of Forces,, 
by simply placing a different interpretation upon the 
results obta^ed. ** 

Example 2(5*.— Use weights, &c., as in Example 16, 
but pin*a fresh sheet of paper in place of that shown 
at MNPQ, fig. 21. 

Notice that the system is in equilibrium, and that 



three forced of 20 oz., 40 oz., and 30 oz. respectively 
meet at the point F. Mark point F on the paper, and* 
three other points, one on each of the three cords,* in 
or^er to obtain the directions of the forces ; then remove 
the paper from the board. 

Join these three points to the common point F, as 
sh^wn in fig. 27, and niark directions and magnitu'des 
as indicated. It will be found convenient to name the* 
forces by lettering the spaces, rtie n^ethqid being l^oVn 
as Bow’s Notation. Thus, the 40-oz. force is the force 
AB, the* line between the two betters; similarly, the 
20-OZ. force is^ the force BC, while the* 30-oz. force is . 
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the force CA. It is important that the spaces be 
•lettered in order^ and that the order of lettering is. 
always in one direction, that shown being most com- 
monly usedT , 

Choose a force-scale of, say, i in. to i6 oz. Com- 
mencing with the ^rce AB, draw ah parallel to tfhe force 
AB, and vertically downward, making it 2\ in. long = 
40 oz. ; letter it as shown, a at the top and b at the 
bottom, the order of the letters^ indicating the direction 
of the* force. Take the next force in order, BC, and 
from h draw he parallel to BC, and in. long = 20 
oz. Now take the third ‘force, CA, and from c draw 
ca parallel to CA. If the work has been dore accu- 
rately, the drawing of this third line should complete 
the triangle exactly. As a check, measure ca\ it 
should be exactly i|in. long, to represent 30 oz. 

The left-hand illustration in fig. 27 is termed a frame 
diagram, and capital letters are invariably used. The 
right-hand illustration is a force or stress diagram, 
and small letters are invariably used. Rigid adherence 
To these rules, and to the taking of the letters and 
forces in ord^r^ will result in an almost mechanical 
method of obtaining solutions regarding the directions 
and magnitudes of these forces meeting at*a point in 
one plane. 

. Notice that ah in the stress diagram is vertically 
downwards, corresponding to AB in the frame diagram. 
Similarly, he in the stress diagram is obliqifely upwards 
towards the left, just as is BC in the frame diagram; 
,and again, ca in the stress * diagram is obliquSly 
upwards towards the right, corresponding to CA in 
the** fpme diagramt Ailso notice that the lengths of 
th^ three sides, ah, be, and ca, are respectively 2| in., 
1} in., and in. long, representing the magnitudes 
of the three /orces AB, BC, and CA, which are 
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40 oz., 20 oz., and 30 oz*. respectively, to a scale of i 
in. to 16 oz. 

Example 29. — A leaf in a centre-shed handloom is 
attached to ,a lifting hook by means of fhree cords 
arranged as in fig. 28. If the pull in the^ cord AB 
amount? in all to 5 lb., find the magnitude and direc- 
tions of the stresses in cords BC and CA. 

Make use of the sizes given to «onstruct a frame 
diagram* to any suitable scale. Draw ah parallel to 
AB, lettering it as shown, since the force is vertically 



upwards; make it long enough to represent 5 lb., say 
2\ in. to a scale of i in. to 2 lb. Now draw be parallel* 
tQ BC, continuing it to point ^ since the exact position 
of c is not k nown. The next step is to draw ca parallel 
to CA. Although point c is not known, the line may 
be drawn because point a is known and the direction 
of nc is parallel to AC, i.e. ca is parallel to CA. This 
obtains the triangle a^Cy which is the desired stress' 
diagram. Measure be and ca,fend find the magnitflde 
• of the forces they represent ; thus 

bc% — force in BC = 2*45 in. = 4*86 lb. 
ca = ,,, ,, CA = 2-43 in. = 4*8*6,, 
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The letters give the direction of the forces; these 
.are marked by arrow-heads: 

(i) On the stress diagram, a to by b to c, c to as 
shown; and (2) on the frame diagram, t|eing thither 
transferred from the stress diagram. Note that all the 
three arrow-heads jn the frame diagram point odtwards; 
this fact implies that the stress in the cords is tension, 
the kind of stresscthat tends to lengthen the article. 
It is evident that flexible mkterial, such as twine or 
cord, <or chain-like structufes, could be used only for 



tensional stresses; stiffer material must be used for 
compressive stresses. 

Example '^0 . — A hand-worked jib crane is employed 
in a factory courtyard to raise a case of ‘machinery 
^weighing 30 cwt. The crane post is 12 ft. high, 
while the tie-rods and jib are 25 ft. and 30 ft. long 
respectively. Find the direction and magnitude of ^he 
stresses produced in the jib anfi the ties by this load. 

Draw the frame diagram PQRS, fig. 29, to a scale 
of in. to 10 ft. PQ is the crane post, QR fhe 
'tie-rod, and RP the jib, while RS represents the 
ch^iim carrying a load bf 30 cwt. At point R, three 
forces meet, and since the system must be in equi- 
librium, the Triangle of Forces may be .applied. 
Letter the'threh spaces A, B, and C as shown. 
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Now draw ah parallel»to AB, and make it in. 
Jong, to represent 30 cwt., to a scale of i in. to 20cwt.; 
letter it ah as shown — downwards — since the load 
acts downwards. Taking the next forc»!f in order, 
from h draw he parallel to BC, continuing*it to x since 
point is not definitely fixed. From a draw ac 
parallel to CA, and complete the triangle. Measure 
he and ea in order to find the magnitudes; ttuis 

he = stress in jitf = 3*08 in. = 61 -6 cwt. 
ea — stress in tie = 3-72 in. = 74 4 cw 4 . 

The letters give the directions, the method being 
similar ^o that shown in the prevfious example. The 
forces in AB, the chain, and in CA, the tie-rod, act 
away from the point; consequently these members 
are in tension. The force in BC, the jib, acts towards 
the point; therefore this member is in compression. 

Example ji , — A rectangular trap-door is made in 
the roof of a factory loading dock, in order that efoth 
and yarn may be conveniently loaded on to lorries 
or cars underneath. The trap-door measures 5 ft. 
square and weighs 100 lb. It is supported ir\ its 
horizontal position by a chain, as indicated in fig. 30, 
at a point* on its outer edge reaching to a second 
point 7 ft. vertically above the hinge. By means of* 
a.stress diagram, determine the tension in the chain, 
and the reaction on the hinges. 

After the* frame digram has been drawn, this 
problem, at first sight, does not seem capable of 
solution by the application of the principle involved 
in the Triangle of Forces. The weight of the door** 
may be taken as acting at it^ centre qf gravit]^ f.e. 

» vertically downwards from the centre of the dooV, as 
indicate^by the arrow-head D. .There are, therefore, 
only three forces acting on the door, ^nd,* since the 
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whole system is in equilibrium, the lines of action of 
these three forces must either pass through one point, 
or they must be parallel to each other. This latter 
suppositiov: is, obviously, wrong, since the direction 
of the stress in the chain cannot be parallel to the 



downward force at D; hence, the three forces must 
meet at a common point. Now a force will produce 
the same effect at whatever point in its line of direction 
it Hnay be assumed to act (see p. 36) ; so that the 
forc^ine D may be pioduced upwards until it inter- . 
s^ts the line of actipn in the chain at the„point E. 
Again, because the system is in equilibrium, the line 
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of the force-action in the hinge must pass through 
this same point; these two lines are shown dotted in 
fig. 30. Point E is therefore the point required, and ’ 
the spaces round it may be lettered in the^isual way. 

When thfs stage is reached, the solution may be 
obtained on the same lines as in the previous two 
examples; the resulting stress diagram is then ahCy 
3O) being made to represent ^100 lb. to a^cale 
of I in. to 40 lb. 4 

he ~ stress on hinged 1-53 in. = 61*2 lb., 
ca — stress in chain = 1-53 in. =61*2 lb. 

The stress in he is towards the* point, so that there 
is a compressive stress or thrust on the hinge; the 
stress in CA is away from the point, so that the chain 
is in tension, as might easily be deduced from the 
mere fact that a chain is so employed. 

The methods employed above will only give 
accurate results if the drawings themselves are rr^ade 
accurately, and to a scale as large as possible. 

The propositions of the Parallelogram of Forces 
and the Triangle of Forces show how to deal with 
cases when two and three forces respectively meet at 
a point, truth of a third proposition may also 

be established— that of the Polygon of Forces,, 
which asserts that if any number of forces in qne 
plane act upon a body and that body is in equilibrium, ' 
th 5 n the forj:es must pass through one point or be 
parallel; if they pass through one point, they may 
be^epresented in direction and in magnitude by the 
sides (taken in order)* of the polygon. As mighfc* 
naturally be expected, the Polygon of Forces is only 
of use in comparatively complicated 'cases, ar^d its 
further consideration must be deferred for the present. 

* Exercises, with answers, on p. 159. • • 
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CHAPTER VII 

MOMENTS 

Moment of a Force. — Suppose any body, such 
as that shown diagrammatically in fig. 31, is resting 
on a surface containing the point P, and that a 
force F is applied to it ir the direction FA, as 
indicated by the arrow-herds. Obviously, this force 
F would either turn, or tend to turn, the body A 
about the point P. It is necessary in many cases to 
be able to measure or cal- 
culate this tendency to turn, 
whether motion is actually^ 
caused or not. 

The tendency of the force 
to cause the body to move 
about the point P is called 
the Moment of the force, 
and it may be defined as follows: — The moment of a 
force, with respect to any given point, is the product 
of the force,= and the perpendicular distance between 
the point and the line of action of the force. Re- 
. ferring again to fig. 31, if F is the force in pounds, 
FA the line of action of the force, and P the given 
point, the moment of the force F is Yxdy where d is 
the perpendicular distance between the given point P 
and the line of force-action FA. 

The units used in the measurement of moments 
^are those of force and distance. If the force is in 
pounds, and the distaiftce in inches, the value of the 
mora/ent is in pouhd-inxhes or Ib.-in.; if the force is 
in' tons and the distance in feet, the moment is in 
ton-feet or ton-ft. 


P 

Fig. 31 
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(Jne must be careful to distinguish between the 
gDmpound units of moments and those of work done. 
The former are expressed in pound-inch, ton-foot, 
&c., where the force unit (pound, ton, &c/^ is made 
to precede the distance unit (inch, foot, &c.); the value 
of work fe invariably expressed by such unifs as foot- 
pound, foot-ton, &c., where the force unit always 
follows the distance unit. , ^ 

As a concrete example^ assume that a uniform bar 
AB, fig. 32, supports loads or downward forces of 
5 lb. and 75 lb. at its left- and right-hand ends 



Left Hand Right Hond 

Fig. 3a 

# 

respectively. If it is found by trial that the bar can 
be balanced about the point P, the distances AP and 
BP being 60 in. and 4 in. respectively, then the 
moment of the left-hand force A about the point P 
is • 

5 lb. X 60 in. = 300 Ib.-in. 

• * 

The moment of the right-hand force B about the 
point P is . 

75 lb. X 4 in. = 300 Ib.-in. 

• 

The moments on eitfier side of the point P are' 
thus equal in magnitude; it will be shown sl^rrty 
•that this condition is necessarylfor equilibrium, ^he 
directions^ of the moments are, not similar. The 
moment on the side B tends to turn Hhe bar about 

(D106) • 6 
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the point P in the same diasction as the hands of a 
clock move, i.e. clockwise. On the other hand, the 
moment on the side A tends to turn the bar about the 
point P in- the opposite direction, i.e. counter-clock- 
wise. Thus the moments on either side of point P 
are equaP in magnitude but opposite in direction; 
this is the full condition necessary for equilibrium. 

Thk Principle of Moments. — If any number of 
forces act in one plane on a rigid body, and if that 
body^ is in equilibrium, then the sum of the clock- 
wise moments about any point is equal to the sum 
of the counter-clockwise moments about the same 
point. * 

A second definition is: — If the clockwise moments 
be termed negative ( — ), and the counter-clockwise 
moments be termed positive ( + ), the Principle of 
Moments asserts that the algebraic sum of the 
moments of the forces acting in one plane abo'ut a 
pohit in a body in equilibrium is zero. 

The Law or Principle of Moments is often applied 
to the solution of problems dealing with all forms of 
levers, and hence it is often called the “Law of the 
Lever”. If will be convenient to define just what 
constitutes a lever, and then to show how the Prin- 
ciple of Moments asserted above may be proved by 
applying it to a simple lever or its equivalent. 

The Lever. — A machine may be defined as an 
assemblage or arrangement^ of fixed and movmg 
parts constructed for the transmission of force and 
mbtion, and capable of modifying or constrain ingbthe 
force or motion thus transmitfed. 

*For example, a steam-engine, such as is used for 
driving a textile factory, is a machine in which the^ 
expansive property ,of steam at high pressure is 
constrained t6 act on a piston in a cylinder in such a 
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manner as to cause the* piston to move backwards 
^nd forwards in a straight-line motion. This straight- 
line or rectilinear motion is modified by the use of a 
connecting rod and a crank into circular or rotary 
motion. tFic rotary motion of the crank may cause 
a fly-v4ieel to revolve, and ropes on the* fly-wheel 
will transmit the force and motion thus obtained 
from the engine to any other assergblage of 
parts, and cause them t« be set in motion also. The 
steam-engine might be used, for example, to drive a 
number of spinning mules. The rotary motion of 
the engine would be transmitted by shafting, belting, 
gears, &c., to the pulley of the spinning mule, itself 
simply another form of machine, and there the power 
of the prime mover would be constrained and modified 
to draw out the cotton rove, twist it into a yarn, 
and coil it upon a spindle into the well-known cop 
shape. 

The Lever is nothing more nor less than a sirfiple 
or elementary machine; it is, indeed, one of the so- 
called six mechanical elements or simple machines, 
the others being the wheel and simple axle, the wjieel 
and compound axle, the pulley, the inclined plane, 
and the sorew. It will be shown, however, that the 
screw may be regarded as a special iorm of the* 
inclined plane, and that the various forms of wheel 
and axle and pulley may be regarded as special forms 
of the lever# 

A lever may be defined as a rigid piece capable of 
turning about a point known as the fulcrum or pi^fot, 
and in which there are two or more points wher^ 
forces may be applied ; it is u«ed, as indicated ^bdVe, 
for transmitting and modifying force and motion? In 
textile t^achinery, it generally,, takes the form of a 
stiff metal bar or rod, such as the tresidle bf a loofn^ 
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as in fig. 37, the picking shaft of a loom, or the lever 
pf a roving frame pressing roller, such as is shown, 
in fig. 2. At other times, however, levers of exceed- 
ingly delickte structure are employed; nevertheless, 
heavy, intermediate, and light types come under 
the same principle. 

Example j2 . — To prove the Principle of Moments 
whe^ -^nDlied to the case of a lever in equilibrium. 

The apparatus required iteed not be elaborate. 
Obtaip a rigid wooden bai^to serve as a lever; drill 
a small hole through its geometrical centre, and 
suspend it by a loop of fine string to see that it 
balances horizontally. If it is unbalanced, ad/i small 
weights of any kind to the lighter side until it is 
perfectly balanced about the central hole. The rod 
will serve its present purpose better if the near or 
the upper face is marked off into inches and tenths of 
an inch ; this can be conveniently done by pasting 
on Strips of lo x lo squared paper. A stand will 
also be necessary from which the lever may be freely 
suspended, and a series of known weights should be 
available. The suggested complete apparatus is 
illustrated in fig. 33. 

After the^rod or lever has assumed an •absolutely 
'horizontal position, take any two weights, equal or 
unequal, and hang them by means of loops of fin,e 
cord on opposite sides of the fulcrum F. The weight 
P on the left-hand side of th^ fulcrum exerts on the 
bar a counter-clockwise moment, tending to turn the 
bar or lever about the point F ; the moment of Ais 
force is the product of the weiglit P and the distance/. 
This foment /s balani:ed by the clockwise moment 
of thfe weight W placed at any suitable distance w, 
the moment being W x w or Ww. Six ^different 
readings ^ould be taken, choosing different values 
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of P and W, and of f and w, after which the re- 
• spective moments could be calculated. The whole 



may be conveniently tabulated as under, the figures 
given being those obtained by actual experiments. 

Table I 


Counter-clockwise. 

Clockwise. 

P 

P 

? y. p 

W X jy 

TV 

•\v 

*7 

13.8 

96-6 

96-5 

19*3 

5 

6 

13.8 

82.8 

83-0 

16.6 

5 

t5 

12*2 

61 *0 

61 *2 

15-3 

.4 

4 

16.5 

66fcO 

66*0 

.6.5 

4 ^ 

3 

9.7 

29*1 

29*2 

14*6 

2 

A 

2 

14.7 

29.4 


. 4*2 V 

1 

7 


All the abgve weights are in pounds, a*nd the dis; 
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tances in inches; the moments are therefore in pound- 
. inches. 

From the results of the above experiments it may 
be inferred^ — , 

I. That the Principle of Moments as defined above 
is correct, since tl^e counter-clockwise momerft Fp is 
equal to the clockwise moment Ww, i.e. Fp = Ww, 
Thcr jlijht inaccuracies shown in the table are due 
solely to experimental errors? and mainly to inexact 
measvrements of the distances / and w. 


F 



Fig- 34 


2. That if the forces are equal, the distances also 
are equal. ^See the 4th line in table, p. 71.) 

It might also be inferred that the number of forces 
on either side of the fulcrum should not' affect the 
* principle; this phase, however, may be brought out 
mdre comprehensibly by a second example. t 

Example jj. — Verify the Principle of Moments 
by using a series of \oads ot weights on each side 
of the fulcrum. 

The apparatus used in connection with fig.* 33 
m^ be used for the present experiment, but the 
weigtkts are pr^efer^bly Arranged as in fig. 34, and the 
resufts tabulated as shown on following page. 

The following nunabers or values are ag^in those 
. obtained ty dctual experiments. 
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Ta^le II 


j Counter-clockwise. 

Clockwise. 1 

Moment. 

Values^ 

Moment 
in Ib.-in. 

Moment 
in lb. in. 

Values, 

Moment. 

• 

A X a 

B X 

C X r 

3 X 18 
2X9 
4X5 

54 

18 

20 

28 * 

64 

7X4 

4 X 16 

D X ^ 

E X 

Sum of Moments = 92 

92 = Sum of MonTents 


It is advisable to note that it is the direction of the 
moment that is important, and not so much the side 
of the lever upon which the force acts, or whether the 
force is a pull or a push. In the examples illustrated 
in figs. 33 and 34, all the left-hand moments are 
counter-clockwise moments, simply because all the 
forces act downwards; it would be quite easy to 
produce a clockwise moment on this left-hand side 
of the lever by causing an upward force to act on 
the lever. 

Moments of Levers. — There are ^hree classes 
or orders* of levers, the various orders being dis- 
tinguished by the relative positions of the force (pull* 
cir push) P, the load, weight, or resistance W, and •the 
pivot or fulcrum F. 

1. In figf 35 the fulcrum F is between the force 
P and the resistance W. The diagrammatic view at 
A« shows a “skeleton” arrangement of this order, 
while the drawing at*B is a typical example of the* 
parts employed for a drag-levjer in a loom fitted with 
an ordinary negative let-off for pace ” motion^ In 
this exapiple an upward or dov^nward pull applied at 
P acts at a certain distance from the fulcrum F, and 
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balances an upward or downtvard resistance W . ;;5ucn 
levers are commonly known as two-armed levers, often 
absolutely straight, but at other times curved to meet 


irr : * 

wj ^ j P, 



the disposition of other parts in a machine. For 
example, the long arm in B is curved near the fulcrum 
F j the effective length of this arm is the straight line 



< c 

frim^the fulcrum to ^le point of application of the 
force P. A doubfe le^r of this order is exemplified , 
by a pair of ordinary^ scissors. 

2. The^resifitance W is between the force P and the 
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fulcrum F, as shown diagrammatically at A, Hg. 36. 
The application of the principle in practice is demon- 
strated by the hand-press at B, which is used for 
shearing of^ hoops intended for binding securely 
hydraulic-press-packed bales of yarn, cloth, and the 
like. (See T/ie Finishing of Jute and Linen Fabrics^ 
by T. Woodhouse, pp. 119 to 141!) Thus, a force 
applied at P, diagram A, fig. 36, ov^ercomes a 
ance W, each acting at ite particular distance Iffom the 
fulcrum F. The press 01* hoop-cutter shown at B 
provides an example of a compound lever 0/ this 
order, where 

Pj and Pg are the forces ; 

Wj ,, Wg ,, resistances ; and 

Fi ,, Fg ,, fulcra. 

A very common example of the double type is a pair 
of nut-crackers. 

3. The force P is between the fulcrum F and •the 
resistance W as in fig. 37. Here also A is the 



, Fi?- 37 


skdeton arrangement, while B is an actual example^of 
a treadle lever in an ordinary tappet or wyper poweii* 
loom. In each case a force a4)plied at P ove^fortes 
' a resistance at W, the conditiojis for equilibrium being 
according to the Principle of l^oments, viz. that the 

sum of the clockwise and counter-clockwise moments 

• » 
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acting on the lever be zer(D. Another common ex- 
ample of this order of lever is the steam safety-valve^ 
used on boilers and on warp-dressing machines and 
dyehouse "steam-pipes. A double lever^of this order 
is exemplified by a pair of tongs. 

The Law of the Lever may therefore be Stated as 
under : 

^ be the force (push or pull) acting on the lever, 

and / be the distance between the line of action of the 
forehand the fulcrum; als6, let W be the weight, load, 
or resistance overcome, and w the distance of its line 
of action from the fulcrum: then, in every case, 

c 


F C 

G 

_ P t 


' T ' 


w 


irrespective of the class of lever, the Principle of 
Moments enables it to be asserted that 

. P^x p = W X w, or P/ = Wzy. 

Example jp — To find, by experimental means, 
the approximate weight of a uniform wooden bar or 
lever. > 

The apparatus required consists of a wooden bar,*^ 
say 72 in. x ij in. x | in., and a known weight, say 
4 lb. or 64 oz. The parts are arranged as illustrated 
id fig. 38; the known weight of 4 lb., indicated by the 
'letter P, is hung over one en 3 of the bar, and the bar 
i^mpved abqut untiUa position with respect to the 
chosen fulcrum P is^obtained, which gives perfect® 
equilibrium. Wherv this position has been |ound, the 
bar is in Equilibrium under the action of two moments, 
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equal in magnitude but (opposite in direction. The 
cgunter-clockwise moment is due to the known weight 
'P acting at the distance p from the fulcrum F, while 
the clockwise^ moment is due to the unknov<^n weight 
of the bar or lever W acting at its centre of gravity, 
and at a distance w from the fulcrum F. Equilibrium/ 
should be established when 

= Ww. 

» 

Measure the distances / and w; witli these and* the 
known weight P, 64 oz., calculate the weight of the 
bar. The following values are Recorded from an 
actual experiment : 

P = 41b.;/ = 8 in. ; and no = 28 in. 


By the principle of Moments as above : 

P/ = Ww, 


whence W 
hence W 


w ’ 

4 lb. X 8 in . 
28 in. 


= f lb. 


The actual weight of the bar as obtained by the usual 
method of weighing was 18J oz., so that the experi- 
mental error is very small. 

Confirmaticm of the aJ)ove method of finding the 
weight of a uniform rod is as follows : — 

Emmple 72-in. bar, weighing i8i oz., i^ 

fulcruihed at a point 8*in. from the end; find the 
force P at the short end essential to n^intain ^qdf- 
•librium. 

The cen|res of gravity of the overhanging parfe 
of the bar will be midway between the*fulcfum and 
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hence ^ = Sin. 

8 in. 

A = 4in. 


' P, = — of i8J oz. = 
72 

W = -^ of i8i oz. = 

,72 

w = 32 in. 


oz. 
16/^ oz. 


Vp + PiA = 

p Wzt; - 

P 

_ i6jV X 32 - 2 ^V X 4 
8 

5i9i-8i 51 1 

8 "■ 8 * 

P = 63^ oz. 


If, therefore, the known weight in Example 34 had 
been 63!- oz. instead of a 4-lb. or 64-oz. weight, the 
moments Considered would have been 


S X 631^ = 28 X i8i • 

511 = 5 II- 

’ ^ y 

With the 4-lb. or 64-oz. weight, the actual distances 
would have been 


p = 7.98785 in., and w = 28-oi2i5 in., 

obtainable only in practice*^ by the use of a Vernier 
fcale, or better still ky a bar micrometer. 

^Example j6.—A u\iiform straight metal bar (fig. 39 )* 
'weighs 16 lb. and i? 4 ft. long. It is fulcrymed at one. 
end, arid Ccft'ries a load of 10 lb. at a point 12 in. from 
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the fulcrum. Find the uj^ard force at the free end 
^which will keep the bar horizontal, i.e. in equilibrium. 

By the principle of moments, when the bar is in 
equilibrium, t)ie sum of the clockwise momehts must 



equal the sum of the counter-clockwise moments; that 
is: 

Clockwise = Counter-clockwise. 
(i6 lb. X 2 ft.) 4- (lo lb. X I ft.) == P lb. X 4 ft. 

32 Ib.-ft. + 10 Ib.-ft. = 4 P Ib.-ft. 
i.e. 4 P = 42; 

whence P = = joJ lb. 

Example — 

An iron lever, 
fig.^40, of uniform 
section is 20 in. 
long and weighs 
8 lb., and a weight 
of 19 lb. is sup- 
ported at one end. 

Find the fulcrum 
i3r point upon 

. which the^lever will remain in equilibrium, i.e. the 
point about which the lever will balance. 
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Let the di stance* between Che fulcrum and the 12-lb, 
weight be ^ in., then the distance between the fulcrum 
and the centre of gravity of the lever must be (10 — x) 
in.; consequently; — ^ 

Counter-clockwise moments = clockwise pioments, 
i.e., 12 X = 8 (10 — x)y 

12 X = 80 - 8Xf 
20 X = 80. 

X = ^ in. 
and (10 — .v) = 6 in., 

so that the bar will balance at a point which is 4 in. 
from the 12-lb. weight, and 6 in. from the f centre of 
gravity of the lever. 

Example j 8 , — The safety-valve of a boiler, of the 
type illustrated in fig. 41, is required to allow steam 



to escape at a gauge pressui*e of 100 lb. per square 
iftchgr Find ^where the weight should be placed on 
the lever. ’ ) , 

' The total upward force tending to lift they-alve from 
its seat ^s dtie to the steam pressure of 100 1b. per 
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square inch on the projected area of. the valve, a circle 
o{ in. diameter. This upward pressure is balanced 
* partly by the weight of the valve itself, and partly by 
the moments exerted by the weight and the weight of 
the lever, all fending to keep the valve down upon its 
seat. • 

N.B , — The dimensions given in ffg. 41 are not to 
scale. 

Total upward force on v^lve 

= Valve area x pressure in pounds ,per 
square inch 

= (*7854 X 3*5‘^)sq. in. x 100 lb. per square 
« inch 

= .7854 X 3-5 X 3-5 X 100 

= 962*115, say 962*5 lb. 

But the valve itself directly balances 5 Ibi of this 
force, so that the total effective force is 

962*5 lb. - 5 lb. = 957*5 lb. 

Then, by the Law of the Lever, 

Clockwise moments = Coun^r-clockwlse 
moments. 

(100 lb. X ^ in.) -h (10 lb. X 15 in.) = 957*5 lb. X 4 in. 
loojc lb. -in. + 150 lb. -in. = 3830 lb. -in. 

loo.v == 3830 — 150. 

3680 

100 

= 36*8 In. 

In order, therefore, that steam should blow off at 
100 lb. per square inch pressure, the weig^ht shoi^ld Be 
.placed at a distance of 36*8 in. ^om the fulcrum of^the 
lever, ^ 

'Example In a roving frame pressure is applied 
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to the pressing roller and ^e drawing roller, sde fig. 
2, as indicated. The strap S is between two pressing 
rollers each in. wide, and the weight W is I2j lb. 
The distance between the fulcrum F of the lever L and 
the weight, W is 15 in., and that between the fulcrum 
and the point at which the pressure is applied is in. 
Find the pressure on the rollers per inch of width. 

Total pressure' = 12? lb. x 

^ “ ij in. 

' = X X 4 = 153 lb. 


Each roller is ij hi. wide, i.e. the total prj^ssure of 
153 lb. is distributed over (2 x in.) or 2f in. 


Pressure per inch width 


or, shortly: 
I 2 f lb. X 


L53_lb. 
2I in. 
^ 55-5 lb-; 


in X (2 X ^ 55-5 lb. pressure per inch 

* * ^ H •) ^ width of roller. 


'Example — In a certain flax spreader, pressure is 

applied to the boss or front rollers by means of a 
system of compound levers and w^eights, a diagram of 
w.hich appears at A, fig. 42, while the actual arrange- 
ment of the parts is illustrated at B in the same figure. 
The pressure is applied on each side of 4 double roller 
R, each face being 7J in, wide. Find the pressure 
per inch width. To simplify matters, it may be taken 
t that one weight and set of levers act on each width. 

®This type of problem may be worked out in parts, 
or f'n one compleie foimula. Note that the studs, or 
fulcra, S and T, fig 42, are fixtures in the framing of 
the machine, c 
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CHAPXfeR VIII 

REACTIONS AT SUPPORTS 
parallel forces AND COUPLES 

In a previous section, dealing with resultSnts, it is 
stated that if a body is in equilibrium under the 
action ^of any system of forces, then either the force 
lines meet at a common point, or they are parallel. 
The^ former case has already been discussed; the 
latter is now to be dealt with briefly. In either case, 
since the body ?s in equilibrium, the algebraic sum 
of the force momeifts must be zero. ♦ 

The latter case, where the forces are acting in 
parallel lines, finds a useful application in questions 



R W=I06lbs R, 


affecting bfeams of all kinds. It is appropriate, 
therefore, that a beam should be chosen as an 
illustrative example; and it will be understood that 
the rails forming the supports of textile machinery of 
all kinds are, in reality, beams of the nature of thosd 
about to be described. 

Eocample — Let AB, fig. 43, represent a beam 
^hich is 10 ft. between its two points of support^ and 
wfeighs 100 lb. It is obviotrs that the weight W of 
tttte beam may be considered as a vertically downward 
fonje of 100 Ib. rfcting through the centre of gravity, 
of the beam; it wilr be equally obvious that this 
down wand force must have an equal an^ opposite 
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reaction. The reaction irj this case is in two parts, 
since the beam is supported at two points. A little 
* consideration of the stable condition of the beam 
should indicate that the two reactions nnust be 
vertically upward, and that they will be equal in 
magnituie, i.e. each 50 lb. The beam is thus 
a body in equilibrium under the 'action of three 
parallel forces, one vertically downwards of 100, lb*., 
and two vertically upwards of 50 lb. each: 

50 lb. + 50 Ibf = 100 lb. . 

The reactions at the suppqrts of the beams may 
be calculated by an application d the Principle of 
Moments. Suppose that through any cause the 
beam in fig. 43 could be made free to rotate from its 
horizontal position, say about the point A. Then, 
since the beam is in equilibrium, the sum of the 
clockwise moments must equal the sum of the 
counter-clockwise moments. • 

The clockwise moment is 

100 lb. X 5 ft. = 500 Ib.-ft. 

The counter-clockwise moment is 

Rj lb. X 10 ft. = 10 R, Ib.-ft., 
so that • 10 Rj Ib.-ft. = 500 Ib.-ft., 

whence Rj — 50 lb. 

• In a similar manner, by supposing the beam free to 
rotate about point B, it will be found that 

R = 50 Ib. 

Both these results wcAild be anticipated from the • 
nature of the case; the essential point to^otice i^thJ^ 
^the results have been obtained Gy af)plying the Piyn- 
ciple of Moments. It will be fcAind that the Principle 
of Moments applies in every case of parallel farces, no 



TEXTILE MECHANICS 


84 

matter how complicated tl^e system may appear. In 
all cases the modus operandi is similar, viz. in order to 
find the reaction at one support, take moments about* 
the other. In the above case, to find R., moments are 
taken about R (or A), the force K itself being 
neglected, since, its distance from A is o, ite moment 
about A is also*o. 

^ Jbe student should endeavour to prove the truth of 
the m*^thod of applying Principle of Moments to 


R; 



1 

1 




mam 

m 


^..0 1 

b 

n 



S r 



4lbs, 


2 lbs 


F'g- 44 


find the r^kctions at the ends of a loaded horizontal 
beam by carrying out for himself an ejcperiment on 
the lines indicated below. 

. Example ^2 , — To find the reactions at the supports 
of a horizontal beam when loaded, say, with weights 
of 2 lb. and 4 lb. at two points between the supports. 

The apparatus consists ol a wooden bar similar to 
»th^ used in Example 34, two light spring balances, 
and two weights of 2 lb. aVid 4 lb. respectively. It 
^ill^also be^necessary to have a frame or stand from 
wfiich the two b41an(?es and the bar can be suspended. 
The complete arrangement will appear somewhat as 
shown in fig. 44. I^he exercise may be conveniently 
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divided into 3 stages: (i) Experimental; {2) Calcula- 
jtion by applying the Principle of Moments; and (3) 
Checking results. 

I. Experim^ital. — Arrange the apparatus cJs in fig. 
44. Note the reading on each balance befofe placing 
the two weights in position ; these give the reactions 
at the supports due to the weight of I'lie beam alone. 
If the beam is horizontal, and o^ homogeneous 
material, the readings on •the two balances will be 
identical; they should be \/ritten down, along wjth 
their sum, which is the weight of the beam. 

Now place the two weights, say of 4 lb. and 2 lb., 
on the be*m, and in any convenient*positions, such as 
those indicated in fig. 44. Measure carefully the 
distances b, c, and i/, and note the reactions R and 
Ri as recorded by the spring balances. Arrange these 
results as shown below, the figures used being those 
of an actual experiment. 

Before loading: 

R = 2J oz. = reaction at left-hand support. 

R, = 2\ oz. = reaction at right-hand support. 

W = 4*. oz. = weight of beam. 

After loading; 


a 

b 

c 

d 

38 in. 

9^ in. 

2318 ‘^*1 5 1 fl 


Note that a^-\- b + c — d. 


R = 3 lb. 60/. = reaction^t left-h^nd suppprtr 
Rj = 2 lb. 14 oz. = reaction^at ri|:ht-hand support. 
6 4b. 4 oz. = sum of ^1 loads acting a*t 
supports. 
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Actual sum of all loads i- 4 lb. + 2 lb. + 4J oz., 
= 6 lb. 4} oz. 

The experimental error is thus ^ oz. in 6 lb. 4^ oz., 

hence j or ^ — >< 100 = less than A 7. 

6 lb. 4J oz. 100-5 c ^ 


2. Calculation. — To obtain the reaction at R take 
morner^ts about thus : 

38R = 32 oz. X c -f 64 «oz. X 4- + 4^ oz. x ^ 

’ = 32 X 5yV + 64 X 28| + 4J X 19 

= 32 X 5-1875 +.64 X 28-375 + 4-5 X 19 

= 166 + i8it3 -f 85-5 = 2067-5 oz.-in, 

. „ 2067-5 oz,-in. o 

R = = 54 408 oz. 

= 3 lb. 6-408 oz. 

To obtain the reaction at R^ take moments about R 
as under : 

^ d 

38 Rj = 64 oz. X a + 32 oz. x (a + ^) + 4^ oz. x - 

= 64 X 91 + 32 X 32|i- + 4| X 19 

= 64 X 9 625 + 32 X 32-8125 + 4-5 X 19 

= 616+1050 + 85-5 = 1751-5 oz.-in. 


. o 1751-5 oz.-in. 

..R: = ^8 

Consequently 


46-092 oz. 

2 lb. 14-092 oz. 


R + Ri = 3 lb. 6-408 oz. + 2 lb. 14-092 oz. 

= 6 lb. 4-5 oz. 

3. Checking Results . — Possibly the most orthodox 
method of cYxecking s^ich an experiment as the above 
v/ou\d be to draw* carefully frame and stress diagrams;, 
the latter involves ip the present case the ,use of the 
funicular polygon, which has not yet been considered. 
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It may be sufficient, ther^ore, to check the work by 
repeating the experiment with different loads and 
distances, and afterwards tabulate the results for 
comparison, ^as exemplified below: — 

, Table 111 


Reactions. 

Result obtained 
by Experiment. 

Result obtained 
by Calculation. 

Actual Weights 
of the 3 articles. 

R 

R, 

3 lb. 6 OZ. 

2 lb. 14 OZ. 

• 

31b. 6*408 OZ. 

2 lb. 14*092 OZ. 

• « 

Beam, 0 lb. 4^ oz. 

ist Load, 4 lb. 0^ oz. 
2nd ,, 2 lb. 0 OZ. 

R+Ri 

^ lb. 4 OZ. 

6 lb> 4*5 OZ. 

•Total, 6 lb. 4J OZ. 


The following further examples illustrate different 
aspects of the application of the Principle of Moments 
to the solution of various types of problems. 


E 


L y 



I- X 

. 10- X 

A 

lOft. 


% 


18 lbs 25 lbs. 

45 


fixample — Two forces, of 18 lb. and 25 lb. 
respectively, act on a lo-ft. bar as indicated in fig. 45, 
Find the magnitude, direction, and position of the 
equilibrant. * 

Since both forces are acting vertically downward's, 
they could be replaced* by a single vertically down-, 
ward force (the resultant) of 18 lb, -f 2^ lb. =^43 ^b. 
The equilibrant is equal in ma'^nitade, but oppositely 
lirected to the resultant; it ^is therefore a force ^of - 
1-3 lb. acting vertically upwards. 
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Let the position of the eq^ilibrant be x ft. from A ; 
it is then (lo — a;) ft. from B, as shown at E, Hence^ 
taking moments about A, we have : 

43 ^ = 25 X lo 

whence = - -- -- - = 5-814 ft. 


i.e. the equilibrant must act at a point 5-814 ft. dis- 
tant from A. But it might ^not yet be clear whether 
the distance is 5-814 feet t6 the left of A, or a similar 
distance to the right of A. To ascertain this, notice 
that the distance between E and B is {10 — x) ft., so 
that the point E is {*10 — 5-814) ft. = 4-186 ft., from B. 
Point E is therefore 5-814 ft. from A, and 4-186 ft. 
from B; it is therefore as indicated in fig. 45, this 
being the only point that satisfies both requirements. 

It is not absolutely essential to take moments about 
either point A or point B. Any point outside the bar, 
such as O, may be selected. Thus, assume that the 
point O is 3 ft. to the left of A, and that the distance 
between O and E isy ft. ; then, taking moments about 
O we shall find that : 

43JV = ('8 X 3) + (25 X 13) 

= 54 + 325 

= 379- 

.-.y = 379 ^ 8-814 ft. 

■^43 


This result confirms the one already found, since the 
position is : ' 

8-814 ft. - 3 ft. = 5-814 ft. from the end A, 

5#/ jj/ fc_ 3 ^t. X, 

— A cajt^iron lever in a textile^ machine 
is to be of uniform section, and to weigh 40 lb. It 
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ijk 

has to support a load of 30 lb. at one end, and must 
, balance at a point 18 in. from this end. Find the 
length of the lever. 

A diagrampiatic view of the problem is* given in 
fig. 46. Let O be the centre of the lever AC, and x 
be the distance between O and the fulcrum F. The 
length of the lever is thus 2 (x 18),' and the solution 


T ‘8" 

h H 





"j 

F 


0 


20 lbs. 


40 lbs 

Fig. 46 


of the problem demands the finding of the proper 
value of :v. 

By the principle of moments — 


40:v 

X 


20 X 18. 
20 X 18 


9 in. 


Length of lever = 2 + 18) 

^ = 2 (9 + 18) 

== 2 X 27 

= 54 in. or 4 ft. 6 in. 

• 

Example Two forces act in a machine as shown 
graphically in fig. 47 at A and B. Find the magnitude 
and ^position of the single force E required to kee^ 
them in equilibrium. , 

For present purposes, downward forces may be con- 
sidered negative (-), and upwiird fgrce^ positive (4-). 

*The resultant is the algebraic|sum of the forces, ^..e. 

* . • • 

-- 12 + 8 = - 4 cwt. • ; • 
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The equilibrant is therefor^ + 4 cwt., i.e. a force of 
4 cwt. acting in an upward direction. 

E A 8cwt9. 


■ * ^ r 

t * 

m r 

y 


% 

\z\ 

F'e- 47 

cwts. B 


Tq find the position of the equilibrant, assume that 
it acts on the left of A and at a distance a: as indicated 
at E, fig. 47; then the moments about A are: 

i 

= 8 X 24. * 

8 X 24 , , . 

“T = 4^5 JH. 

4 

The position is thus 48 in. to the left of A. This can 
be verified by taking moments about B as under: 

41' = 12 X 24 
12 X 24 

y — ^ = 72 in. 

4 

The position* is thus 72 in. to the left of B, and verifies 
the assumption made, since the force line .shown at E 
is in the only position which is simultaneously 72 in. 
from B and 48 in. from A. 

Example q 6 . — A loom crank shaft weighs 80 lb. and ‘ 
is supported in bearings at 5 ft. centres. , The pulleys, 
pinion, &c., weigh 30 lb., and may be taken as acting 
art a point 12 in. outside one bearing; the hand 01 fly- 
wheel weighs 10 lb., and may be assumed to act at a 
po\nt in. out^side the pther bearing. If the centre of 
gravity of the shaft itself is at a point 2 ft. 3 in. inside , 
the pulley bearing, find’ the pressure on eacji bearing 
due to these loads. 
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Fig. 48 gives a diagragimatic view of the problem 
diere the required pressures on the bearings are equal 
3 the reactions at R and Rj. Particular attention 
lust be pai^ to the direction of the variou:? moments. 


Pulleys etc. 


12 


5-0 


2-3* 


30 lbs 


R 

Bearing 


T 




80 lbs 
Crank Shaft 


1 '. 8»48 


Flywheel 


6' 


R, • 10 lbs 
Bearing 


Apply the principle of moments by taking moments 
about * 

5R -f (10 X }) = (80 X 2j) 4- (30 X 6). 

5R = 220 -f 180 ~ 5 
= 395- 

R = 79 lb. 

5 

Then take moments about R as under: 

5K. + {30 X i) = (80 X 2 i ) + (10 X 5J). 

5R, = 180 + 55 - «o 
= 205. 

= 4, lb. 

5 

Check: R -f Rj = 79 -f 41 = 120 lb. 

•and 80 4- 30 4- 10 = 120 lb. 

Couples. — Consider the various pairs of forces iiT- 
dicated in fig. 49, mosf of the distances of which are 
introduced solely to illustrate impoftant principle, 
and are not to be considered as b*eing of practicable 
applicatiQn; other proportionate pumbers are, howeVer, 
correct in practice. 
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(P) . The equilibrant is (iQ — 9) = i lb. It must 

act at a point 9 ft. to the left of A. 

(Q) . The equilibrant is (10 — 9 9) = -i lb., acting 

at*a point 99 ft. to the left of A. , 

(R) . The bquilibrant is (10 - 9 99) = ‘Oi lb., act- 

ing at a point 999 ft. to the left of A. 

(S) . The equilibrant, although it may not be so 
« obvious qs in the first 3 cases, is (10 — 10) 

= o lb. acting at r. point at an uifinitely 
great distance to ftie left of A. 


The result in (S) may be deduced from a comparison 
of those in (P,\ (Q), 


10 lbs. 


10 lbs. 


10 \bt 


i^ilbs 


I a. 


jiL 


fa 


Ift 


Fig- 49 


9 lbs 


)-9lbs 


9 9? lbs 


in 

and (R). As the two 
forces become more and 
more nearly equal, the 
equilibrant becomes 
smaller and smaller, 
but acts at an increas- 
ingly greater distance 
to the left of A. When 
the forces become 
equal, the equilibrant 
becomes infinitely small 
(in the limit o, or zero) 
and the distance be- 
comes infinitely great 
,(in the Ifmit 00 , or 
infinity). 

Two such equal !tnd 
' ^ parallel forces acting 

along Separated lines in opposite directions, as at S, 
fig. q.9, constitute wha^ is known as a Statical or 
Mechanical Couple. The many properties of couples 
are both ihtdrSsting and useful, but a full considera- 


lOlbs 



PARALLEL FORCES AND COUPLES 93 

tion*of them cannot appjpar at this sta^e. It will be 
^sufficient for the present to indicate a few of their 
most characteristic properties, and to show one ex-’ 
ample from a well-known textile mechanism, (i) 
When two parallel forces, equal in magnitude, but 
opposite in direction, act on a body, they produce, or 
tend to produce, rotation. It will shown that the 
converse is also true, namely, that before rotation can 
be produced a couple rpust be originated. * (2) The 
moment of a couple is the •product of one of the forces 
and the perpendicular distance between them. * This 
distance is termed the ann, of the couple. (3) No 
single |orce can be applied to balance a couple; the 
couple can only be balanced by the application of a 
second couple, equal in magnitude, but opposite in 
direction. ^ 

These three chief properties of couples may be illus- 
trated by reference to fig. 50, which is a skeleton 
diagram of the loom mechanism shown more ful 4 y in 
fig. I. The loom crank C is rotated, say, in the direc- 
tion indicated by the arrow D. The crank C actuates 
a sword S, and the latter, which carries the slay or lay, 
is fulcrumed on the rocking shaft Q. Yhe motion of 
the crank C is conveyed to the sword S by means of a 
connecting arm A. The turning force in the crank* 
C acts tangentially to the crank circle, i.e. at right 
angles to the crank, as indicated by the force line F. 
The turning force F has a moment about the crank- 
shaft centre O, in consequence of which the crank C 
rotates about O. But every force, as an essential ccfn- 
dition of existence, mu^ have a corresponding reaction, * 
equal in magnitude but oppoyte in direction. % In the 
case of the crank, this reaction can only exist ^ the 
cranksh^t bearing; it may, ftijrefore, be represerited 
by a force-line R, representing a force eqijal in magni- 
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tude to F, but opposite in difection. The force F and 
the reaction R thus form a couple, the moment of 
‘ which is measured by the throw of the crank C, and 
the effect of which, in the present instance, is to cause 
rotation about the point O, in a counter-clockwise 
direction. 

Again, in the particular position indicated, part of 

the force F, viz. 
R Fi, is transmitted 
to the connecting 
arm A, to over- 
come the resist- 
ance R, s^t up by 
the slay, sword, 
&c. This resist- 
ance Rj obviously 
could not exist if 
there were not a 
corresponding re- 
action, equal in 
magnitude, but 
opposite in direc- 
tion, set up simul- 
taneously in the 
bearing Rg of the 
rocking shaft Q. 
The forces R, and R, constitute a second couple 
tending to produce rotation in a clockwise direction. 

Each instance illustrates the fact that if a body is to 
rotate, there must be a couple acting on it. Aguin, 
since the complete arrangement at any instant is in 
eqiiilib^ium, both instances serve to demonstrate that 
one pouple is balanced by a second couple, equal in 
ma:gnitude, but opposite in direction. 

Exercises^ with answers, on p. 164. 
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CHAPTER IX 

THE PRINCIPLE OF WORK 

> 

The Principle- of Work is axiomatic ^in nature, 
for it fimply asserts an obvious truth. Its very 
simplicity, however, is misleading-, since the majority 
of students, on making acquaintance with it foj; the 
first time, do not realize it^ extreme ifnportandb. The 
principle may be asserted* in many different ways; 
that immediately following will perhaps be most 
readily understood by elementary students. 

The Principle of Work asserts that the total work 
put into a machine is invariably equal to the work 
got out of the machine plus the work done in over- 
coming the internal resistances of the m^hine. The 
work got out of the machine may conveniently be 
called the Useful Work\ that is to say, it is the work 
for which the machine is actually designed. The 
work done in overcoming the internal resistances of 
the machine is often termed Lx)st Work] it is work 
done incidentally to the chief purpose of the machine, 
not because it is necessary for the ordinary purposes 
of the machine, but because it is unavoidable. 

The Principle of Work may therefore be concisely 
snpimed up as under: — 

Work put in = Useful Work -f Lost Work. 

Work Put In. — When a machine, such as a 
spinping frame of any kind, is employed in the doing* 
of work, force must first of all be conveyed to the, 
machine. This driving force may be transmitted t)y 
a belt to the fast pulley of the mu4e, and by means 
of gears, shafts, &c., it is transmitted to all 'the 
component parts of the machifie, cau§ing^ them to 
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move in their appointed fashion, and to do the 
work of drawing, twisting, and coiling the finished 
material, for the spinning of which the machine is 
intended., In short, the work done by the force in 
the moving belt is given to the machine at one part, 
and this force is constrained and modified by the 
different mechariisms of the machine in order to do 
various kinds of work at other parts. 

The magnitude of this force, multiplied by the 
distance through which L": acts, is equal to the work 
putdnto the machine. If the force varies, or if the 
distance varies, in a complete cycle of operations, 
then, as previously shown, it is the average force or 
the average distance upon which calculations should 
be based. 

Lost WJ'ork. — The function of a spinning-mule 
is to draw down the rove into a size corresponding 
to the count of yarn required, to twist this fine 
modified sliver into a yarn, and to coil the yarn into 
the well-known cop shape on the spindle. hk)w, 
even if no material were in the machine, i.e. if no 
yarn were being spun, and the mule were set in 
motion, a comparatively large amount of force would 
be required to drive it. This force woulc^ be used up 
in overcoming the inertia of the moving parts, in 
reversing the motions of the carriage, in overcoming 
the friction of all parts running in bearings, such as 
the spindles in their bolsters, &c. Tfie chief point 
to notice is that this work is‘ not considered as useful 
•xworky even though it is absolutely necessary. oThis 
• work is termed the lost wr^,*and it varies in amount 
adbor^ing tc^ the condition of the machine, the 
attention it receives, the method of driving it, &:c. 

• In the design of textile machinery, or indeed of 
any kin(i ©f^machine, it is most important that this 
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lost \)^ork should be as small as possible. Many 
devices are in existence for minimizing the amount 
of lost work, but it has not been found possible to 
obviate entirely the lost work. a 

Useful Work. — T he difference between the work 
put in afid the lost work is the useful work. It is the 
actual work done by the machine^ in fulfilling its 
designed function. In the case of the spinning-njule, 
it is the actual amount of work done in drav^ing the 
rove down to the required '^ize, in twisting this into 
yarn, and in coiling up the yarn on the spindle in 
the form of a cop. 

The l^gher the proportion of* useful work with 
regard to work put in, the more perfect is the 
machine. A perfect machine, i.e. one in which 
there is no lost work, is taken as ^^aving an 
efficiency of loo per cent. .Since there must always 
be some loss of work, actual efficiencies are all below 
100 per cent. • 

Efficiency. — The efficiency of a machine is thus 
the ratio of the useful work to the work put in. 
Thus, if 100 ft.-lb. of work are put into a machine, 
and 8 o ft.-lb. of useful work are obtaiiTed from the 
machine, its efficiency is: 


• , Efficiency = 


Useful work 
Work put in 


8 o ft.-lb. _ 4 
loo ft.-lb. 5 


or 8 o per cent. 

The application of the Principle of Work to the 
solution of practical problems may best be shown by^ 
taking as an example arfbther of the simple machines ‘ 
or elementary mechanisms, viz^the whe^l and simple 
axle. * ^ 

Wheei^and Simple Axle.^— The wheel and axle 
is a very old contrivance for lining weight*; it has 
(D 106 ) 7 
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been used for hundreds of years to lift water* from 
wells; it is still in use in some textile factories to l\ft 
bags of farina, flour, &c., used in the starching or 
slashing. of warps, into the storehouse above the 
starch-mixing apparatus. . ^ 

A diagrammatic representation of one ^ modern 
form of wheel and simple axle is shown in fig. 51. 
The^ device consists of a chain, barrel, or axle A, 

r 



- running in suitable bearings B, a chain C fixed at 
one end to the barrel A and coiled round jt, while 
the other end of the chain C hangs free and usually 
terminates in a hook, a grooved pulley P firmly 
fixed to the barrel, and a rope, usually endless in 
-"forrn, for operating the pulley P. If a force t.F is 
' ^ applied to the rope, as suggested in the side elevation, 
tHe ^vhole mochanisni will rotate and coil the chain ^ 
C pn to the barrtil A; the device may thus be used ^ 
for hoisting all kinds ^bf goods to elevated positions. 

If it is ^ssumed for the moment that there is no ° 





THE PRINCIPLE OF WORK 


99 


lost \Vork, i.e. that the ^evice has an efficiency of 
^ liX) per cent, then the Principle of Work asserts that 
the work put in is exactly equivalent to the work got 
out. The action of this simple machine, and of all 
other machines, is best studied by assuming that one 
complete cycle of operations has taken place. In 
the present instance, one complete* cycle would be 
represented by one complete revolution of the 
wheel P. * , ^ 

During one revolution of the wheel, the work put 
in is evidently equal to the magnitude of P" multiplied 
by the distance through whiqh it moves. Since the 
effective is represented by the circumference 

of the wheel, it follows that: 

Work put in = F X 27rR or F x ttD, 

where R is the effective radius of the wheel, and D 
its diameter. 

Now during this revolution of the Wheel P, ihe 
barrel or axle A will also have completed one 
revolution, and a length of chain C, equal to the 
effective circumference of the barrel A, will have been 
coiled on it, thus raising the load W a dbrresponding 
distance. Pence; 


Work got out = W X 27rr, 

• wfiere r is the effective radius of the barrel A. 

If we keep in mind the above-mentioned 
assumption, and the Principle of Work as there 
stated, we shall see that; 


Work put in 
i.e. F X 2'7rR 
whence FR 
F^ 
W 


or 


Work got out, 
W ^ 2Trr^ I 
Wr, • 

r » 

R- • 
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A further examination Qf fig. 51 will sho^^f that 

the problem may be regarded as one of moments 

applied to a two-armed lever; one arm is R, the 

effective radius of the wheel P, and the other arm 

IS the effective radius of the barrei A. To the arm 

R is applied a force F, and to the arm r a^load or 

resistance W. At the instant the wheel begins to 

mov/^, all forces acting on the mechanism are in 

equilibrium ; hence, by tl>e Principle of Moments 

we have: tit 

' F X R = W X r, 

i.e. FR = Wr, 

so that the Princijjle of Work and the Principle of 
Moments are in complete accord with one another. 

A wheel or pulley may indeed be regarded as 
a contmuor.c^i lever — providing means whereby the 
principle of lever action may be continued for any 
desired length of time. 

'Example pj, — A wheel and axle is required so that 
the force applied at the circumference of the wheel in 
moving through a distance of 12 ft. shall raise a load 
of, 4 cwt. thr:ough a distance of 2 ft. If the effective 
diameter of the barrel is 8 in., find the force applied in 
pounds and the diameter of the wheel. Friction, &c., 
is neglected. 

' By the Principle of Work; 

Work got out = Work put in, 
whence 4 cwt. x 2 ft. =cF lb. x 12 ft. 
c 12 F = 4 X 1 12 lb. X 2 ft. 

p X X 2 

o *' 12 

^ ‘ = 741 lb. 

“ Now take moments i'bout the arbor of the, wheel and 
apply the principle of Moments, thus : 
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;4l lb. X R = 448 lb. X 4 in. (radius of barrel). 

„ _ 448 X 4 

“ 74 § 

= 448 X 4 X 3 ^ i„ 

224 ^ . 

whence the diameter of the wheel 

= 24 X 2 = 48 in. = ft. 

• 

Example 48 , — The top rollers in a plain tappet or 
wyper loom are in. and 
in. diameter respectively, 
as shown in fig. 52; the 
former is attached to the 
front leaf, and the latter to 
the back leaf. If it requires 
a pull of 10 lb. to raise the 
back leaf from its low posi- 
tion to its high position, find 
the downward pull on A 
while B is being raised. 

The top roller is evidently 
only a special form of wheel 
and axle, So that the Prin- 
ciple of Work (or the Principle of Moments) may be 
applied as in the previous example. 

By the Principle of Work; 

Fr = WR 

F = ^ 

r* 

_ 10 X f 

• I 

_ ^0x3x1^ _ 

4x5*“ 



10 lbs. 


12 lb. 
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Example — Find the average horse-power exerted 

by an electric motor in raising a hoist and case of 
textile machinery, weighing 3 tons, a distance of 60 - 
ft., at a uniform speed in minutes, supposing that 
25 per cent of the total work done, is lost in over- 
coming friction, &c. : • 

Useful HfP. = 

33,000 

_ 3 t ons X 60 ft. 

"" 3?, 600 X min. 

~ 3 X 2240 X 60 X 2 
33,000 X 3 
. L. 815 H.P. 

Total horse- power = useful horse- power + lost 
horse-power, i.e, 100 per cent = 75 per cent + 25 
per cent; sC' ihat useful horse-power = 75 per cen^ 
and the total horse-power exerted by the motor is: 

815 X 100 per cent 
75 per cent 

Exercises, with answers, on p. 164. 
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CHAPTER X 

PULLEYS: SIMPLE AND COMPOUND. 

MECHANICAL ADVANTAGE AND VELOCITY 
RATIQ 

Suppose that the distance between the store-voom 
floor of a factory and the roadway beneath it is 20 ft., 
thfe goods delivered to the factory have to be 
raised 20 ft. Consider the following three methods of 
raising, say, a case of <ibuffalo-hide pickers weighing 
60 lb. ‘ ^ ' 
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I. A man is employed to do the work by carrying 
tjie case on his shouldei* up a stairway. His own 
weight is 10 St. 10 lb. = 150 lb. Now: 


Work done 10 raisinp -1 ^ r. * r ,, 

1 6olb. X 20ft. = i20oft.-lb. 

the^pickers j 

Work done in raisintjl ,, . . ,, 

himself -}=. 50 lb. X2,jft. = 30ooft.-lb. 

Total work done = 210 lb. x 2qft. ^ 42poft.-lb. 

» 

The useful work done is thus 1200 ft. -lb. out, of a 
total of 4200 ft.-lb., i.e. the mechanical efficiency of 
the method is 


Useful work _ 1200 _ 2 
TTotal work 4200 ~ f 

and 2 X 100 = 28-57 pe);^€nt. 


Notice that 
whence, 


Total work = 100 per cent. 
Useful work = 28*57 >> 

Lost work = 71*43 H 


2. A smooth iron hook is fixed into Ae wall above 
the doorway of the store-room, and a strong rope 
passed over the hook. The man attaches one end of , 
the ropp to the case and pulls on the other end to raise 
the case. It is found that a force of 90 lb. has to be 
exerted. In ;:his case : 

Work done in raising/ go lb. x 20 ft. = 1200 ft.-lb^ 
tire pickers J 

Total work done = 90 Ib. x 20 ft. = 1^00 ft. jlb.’ 

Work done in overcom- 
ing friction, in bend- > 

' ing the rope, &c. = 30 lb, *x 20 ft.^ ^ 


600 ft.-Ib 
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The mechanical efficiency of this method is therefore : 

1200 ft.-lb. useful work _ 2 
1800 ft-lb. total work 3 

2 

" and - X 100 = 66-67 per cent. 

The mechanical efficiency has thus been increased 
from 28-57 ^^tit to 66-67 per cent, the increase 
being due mainly to the fact that the man need not 
raise his own weight while raising the case. 

3.^ Suppose that the hook is replaced by a cast-iron 
grooved pulley of suitable diameter, running freely on 
a central stud carried in a bracket fixed to the wall. 
One end of a rope' passed over the pulley isiattached 
to the case, and the other end is pulled downwards in 
order to raise the case. Due to the easy running of 
the pulley e^.’jts stud, and to the bending of the rope 
round a much larger circumference, the lost work is 
correspondingly reduced, and the force required is 
foUnd to be, say, 70 lb. Here : 

Total work done = 70 lb. X 20 ft. = 1400 ft.-lb. 

Work done in raisingl ^ ^ 20 ft. = 1200 ft.-lb. 

the case r J 

Work done in over-| ^ ^ ^ 

coming friction, &c.J 


The mechanical efficiency is therefore 


1200 ft.-lb. useful work _ 6 
1400 ft.-lb. total, work ” ^ 


and - X 100 = 85-71 percent. 
7 0 


Althoi^gh t|;ie figures used above are in the main 
assumed, the resuits are, nevertheless, approximately 
cojrtect, and serve to show the usefulness of another 
type of rnechanical dement, viz. the Simple Pulley. 
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Simple Pulley. — The simple puney, as uescribed 
ip (3) above, is useful foi^two reasons; {a) it reduces 
the percentage of lost work, i.e. it has a high efficiency 
compared with other methods of raising Ic^ds; and 
{b) it enables the direction of the force tg be easily 
changed. The force applied is invariably greater than 
the load, and, as other mechanisms , enable a load to 
be raised with a small force, it is mainly employed to 
take advantage of the property of changing the direc- 
tion of a force. It is for tbis latter purpose that it is 
often used in conjunction with another type of nfech- 
anism, e.g. a hand or steam winch, a ship’s derrick, 
positive centre-shedding dobbies,, the spindles of a 
spinning frame, &c. 

A pulley may be regarded as a special form of the 
wheel and simple axle where the radii o^ the wheel 
and axle are equal. It may also be regarded as a 
two-armed lever with equal arms. It may still further 
be considered as a continuous lever, aPs exemplified 
in "Chapter IX. 

The Snatch-block. — What is termed a snatch- 
block is essentially a simple pulley carried in a frame 
and from which a hook may be hung. •It is used' in 
many lifting appliances, and is often arranged so that 
the hook may swivel on its axis. When the snatch- 
blpck is employed alone, its usefulness is limited, but 
when arranged as indicated in fig. 53, the state of 
affairs- is mucii different. 

In fig. 53 a rope R is carried over a simple pulley 
P running in bearings attached to the beam B;*from^ 
this pulley the rope passes under a snatch-block S, and ' 
is then fixed to an eyebolt E, aljo attached to'M^e b^m 
B. Both pulleys are free to rotate ^n their respective 
pins; in |iddition the snatch-l|lock S can be raise^.or 
lowered. A force F may thereTore be^ujje^ in order 
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Fig. 53 


to raise a load W. 

Suppose that ^ 
load of W lb. is hung 
on the hook as indi- 
cated; ‘the load is 
supported bf a cor- 
responding force F. 
If friction, &c., be 
neglected, i.e. if the 
mechanism be re- 
garded as perfect, the 
tension in the rope 
must be the same in 

II • ** 

all Its parts. 

Now it is evident 
that the load W is 
supported by two 
parts of the rope. The 
load on each part must 


w w 

therefore be half of W, i.e. — lb. as shown, so that — 
’2 '2 

lb, is the stress existing in a// parts of the rope; hence 
W 

the force F must also equal — - lb. Again, if the force 

F move downwards through a distance, say, of 2 ft., 
the load will evidently rise i ft, since the 2 ft of rope 
has been withdrawn from two parts, and therefore i ft. 
from each part constitute the 2 ft. pulled, down at F. 

Mechanical Advantage.' — If friction, &c., be 
neglected, then by the Principle of Work: 

Work put in = Vv^ork got out 
F X 2 ft = W X I ft 
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That 4 s to say, a force F of 30 lb. would be sufficient 
tq raise a load or weight W of 60 Ib. ; the force used 
is thus exactly half the load lifted, and such an 
arrangement is therefore an advantage in raising heavy 
loads. Indeed, the ratio of W to F is .termed in 
Mechanics the advantage^ or the Mechanical Advantage 
of the machine. In the above case jt is seen that 



, W 

whence p = 2 = Mechanical Advantage. 

Since no account has been ‘taken of the lost work 
due to ffictional resistance, &c., this may be better 
defined as the Theoretical Mechanical Advantage^ i.e. 
the advantage which would obtain if the machine were 
perfectly efficient. ^ 

N.B,— 

T.M.A. may be used for Theoretica? Mechanisal 
Advantage. 

A.M.A. may be used for Actual Mechanical Advan- 
tage. 

% 

Velocity Ratio. — In the case of the snatch-block 
in fig. 53, it’was shown that, when F moved through 
2 ft., W moved through i ft. The ratio of the move- 
meht of W to that of F is constant in any particular 
machine, since it is determined solely by the dimen- 
sions, location, and design of particular parts. This 
ratio is termed the Velocity Ratio in every case it 
is represented by: , 

Rate of movement of W , 

I — ' 

• Rate of movement of»F 


In all cases the Velocity Ratio is*the recipijo^al of the 
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T.M.A. That is to say, if the T.M.A. is 
the V.Risi. 

(V.R. may be used as an abbreviatidti of Velocity 
Ratio.) ♦ 

Rope Tackle. — In lifting appliances of the kind 
exhibited in fig. 53, the mechanical advantage can be 
increased to as large a figure as is desired 
or practicable ^Dy compounding, or using 
in combination, any suitable number of 
pulleys, but only one is used to any ex- 
tent in practice, viz. the ordinary form 
of block and tackle worked by a rope. 
Fig. 54 is a diagrammatic represen- 
^tation of a “3 and 2” rope tackle. It 
consists of two sheaves, an upper fixed 
sheave A carrying 3 pulleys on a stud, 
and a lower movable sheave B carrying 
2 pulleys. In fig. 54 the pulleys^ are 
shown of different sizes, and on different 
centres, in order to show distinctly the 
"^path of the rope; it will be understood, 
however, that all the pulleys in each 
^ sheave are of the same diameter and run 
loosely on the same stud or pin. The 
rope is attached at one end to a ring in 
the lower block or sheave, and. is then 
arranged over' and under the pulleys 
^''k:-s 4 in the manner indicated. A downward 
force applied at F is capable of raising 
l6ads, actachtd at W^. 

The load W is thus supported by 5 parts or stretches 
cTthe rope, i.e. there^are 5 stretches of ro^e between 
the twOfSl^e^ves A dnd B, so that the tension in each 
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^art or stretch 

that F is equal 

The T.M.A. 
if 


W 

of the ropfc is — ; from this it follows 
W . . . ^ 

to — if friction, &c., be neglected. 

^ W 

of the machine is the ratio ^ ; hence, 


then 


W 

F 



W 

T’ ' 

the T.M.A. 


But 5 is the number of stretches of rope betweeil the 
two sheaves A and B, so tha^ in the case of a rope 

tackle , 

« 

the T.M.A. = the number of stretches or parts of 
the rope supporting the load. 

The V.R. is the ratio of the distance moved by W 
in a given time compared with the distance moved by 
F in the same time. If F is drawn downwards through 
10 Tt., then W will be raised 2 ft., since the 10 ft. 
pulled down was, immediately before the action, 
spread over the 5 parts of rope between^ the sheaves; 

hence = 2 ft. 

5 • 

2 ft. I 

. The V.R. is thus — and in the case of a 
10 ft. 5' 

rope tackle this is the same as 

’ ?_J ^ 

number of parts of rope supporting load’ , 

a 

Example ^0 . — In an drdinary block and tackle, such* ' 
as that shown in fig. 54, a pi^ll of 50 lb. i^nequired 
in order to rkise a shaft weighing* 165 lb. Find the 
followings (i) the T.M.A.; 1(2) the V.R. ; (3)* the 
actual mechanical advantage (A.M. A.)b cff Jthis load; 
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(4) the efficiency at this lo^d; and (5) the percelitage 
efficiency at this load. « 


1. T.M.A. 

f 

2. V.R. 

a/A.k.A. 


Number of rope parts supporting 
load c 

3 + 2 = 5. 

I I 

5’ 


4. Efficiency = 


~ T.M.A. 

_ Magnitude of W 
Magnetfide f)f F 
^ 165 lb. 

50 lb. 
cA.M.A. 


3 \ 3 - 


T.M.A. 


+3 

5 


= * 66 , 


actual load 
theoretical load 

165 


5 X 50 


= * 66 . 


A.M.A. 


5. Percentage Efficiency = X 100 

3-3 


X 100 


= 66 per cent. 


Example ^r . — A rope tackle consists of 2 blocks or 
sheaves; the upper or fixed one weighs 16 lb. and 
contains 2 pulleys, while the lower or movable one 
weighs 13 lb., and carries one single movable ptlley. 
^The parts of the rope are vertical, and the standing 
en^d i|^ed tfo the lower block. What pull on the 
rope will support 'a load of 200 Ib., and what will then 
be Ithe pressure on thb point of support? , The effi- 
ciency ofrtHecapparatus at this load is 70 per cent. 
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T.M.A. 

Now T.M.A. 

• . W 

“ F 

whence, F 

Note that, in lifting the load of 200 lb., the lower 
block, which weighs 13 lb., must also be lifted. 
Therefore 

F — d- 13 tb. 

3 

= = 71 lb. 

3 

But 71 lb. is correct only if the machine were 
perfectly efficient; the machine has an* efficiency* ofii 
only 70 per cent, therefore this force must be increased 
in the ratio of 100 to 70. 

Actual F = 71 X 

70 

= 1122 = IOI-43 lb. 

70 

o *. Weight of 2 blocks + lo^d 

Pressure on support = -f force 

_ j(i 61 b. + 13 lb.) + 200 lb. + 

“ 101*43 lb. 

= 330-43 lb. 

• 

The efficiency of rope tacl^es varids fr^ 40!* to 
70 per cent, and, as in all other niachines, increases 
with the Ipad. Indeed, with t^e loads for which ^uch 
a lifting appliance is almost *invarialjiy jised, the 


= number of parts of rope supporting 
load, or number of pulleys, 

= 3- 
W 
“ F* 

“ 3> 

^ W 

3 ' 
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efficiency exceeds 50 per cent. When the efficiency 
does exceed 50 per cent, a device of this kind becomes 
reversible, i.e. when the force F is taken away, the 
load W will descend of its own accord. This fact 
should be kept in mind to compare \yith particulars of 

a chain tackle to be 
given in a succeed- 
ing chapter. 

An apparatus, 
somewhat different 
in function to the 
above, but identical 
in principle, is used 
for the heck-box of 
an ordinary vertical 
warping mill, the 
essential parts of 
which are shown in 
fig- 55 - A cord C 
is wound round the 
centre -post of the 
mill, and passes over 
4 pulleys as shown, 
while the standing 
end is fixed to a ring 
Fig. 55 H. The pins, upon 

which the two lower 
pulleys rotate, are carried by the heck-box B itself. 
A rod or bar R on the heck-box B supports the two 
guide and leasing reeds required in the working of 
^ .the mill, or rather in the manipulation of the warp 
thfread^/^ Asahe centre-post revolves, it gives off, or 
takes on, a definite length of cord every revolution, 
and lowers, or raise^. the heck-box B a distance 
corresponding to the length, but modified by the 
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“trim”. Fig. 55 shows what is termea a 4-cord 
^rim. Each inch of corfl given off or taken on by 
the centre-post is spread over these 4 cords, and 
results in the heck-box falling or rising in. The 
purpose of tXe heck-box is to guide the threads on to 
the mitl in such a way that the combination of a 
vertical movement with a horizontal ^movement results 
in an oblique disposition of the yarn on the mill, 
while the number of cords determiners the pifch ?)f the 
coils of yarn on the mill,* or the distance between 
successive rounds of yarn. 

Example 52. — In a warping mill the effective 
diameter of the centre-post is 3 ,in., and the heck- 
box B IS suspended by 4 cords as in fig. 55, i.e. a 
4-cord trim. Calculate the distance between suc- 
cessive rounds of yarn. , 

In one revolution of the mill the c?ntre-post will 
give off, or take on, 3 in. x 3-1416 = 9 4248 in. 
This 9*4248 in. is spread over the 4 Cords, so that 


9*4248 in. 
4 cords 


2-3562 in. 


will be the vertical pitch of the rounds of yarn. 

If the working height of the mill is 6* ft., then the 
maximum number of rounds is 


^ 6 ft. X 12 in. per foo t ^ g 
2-^562 in. pitch 


And, if the mill is lo yd. in circumference^ the 
loiigest chain which c^n be made with this 4-cord 
trim is approximately 

30-56 X 10 yd. = 305'^ yd. 

Exercises, with answers, on p. 165. 

(D105) 
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WHEEL AND COMPOUND AXLE 
DIFFERENTIAL PULLEY -BLOCK 

Wheel and Compound Axle. — This device, 
sometimes termed the Chinese Windlass, may be 
regarded ,as a dei^elopment of the Wheel and Simple 
Axle. The mechanism i|;2}elf is extremely ancient, 
and is now seldom, if ever, used in Western countries. 
But, because a new principle is introduced, and 
because it possesses a modern prototype in the 
Weston Differential Pulley Block, it is wed worth 
the attention of the student. 

The essential parts of a wheel and compound 
axle are showij in fig. 56. It consists of an arbor A 
running in suitable bearings B. On the arbor is 
mounted a barrel having two diameters, a small one 
at S and a large one at L. At one end of the arbor, A 
is fixed a grooved wheel G, and a rope runs in this 
groove to put the whole mechanism in motion. 
When this rope is pulled in the direction indicated 
at F, a^ second rope is coiled on the large barrel L 
and unwoun*d from the small barrel S. Since for 
each revolution more rope is wound on L than is 
unwound from S, the load W, fixed to the hook of a 
single movable pulley P, is gradually raised. 

Note. — In fig 56, the single pulley P in the side 
elevaKon is purposely out of projection ( 90® round ^ in 
order ,to show more clearly tho path followed by the 
ropy to thf two (iiameters of the barrel. 

It will be perceived that the windlass has a 
differential action; the^ net amount of rope coiled 
up, and coisequently the distance through which 
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the Iced is raised in one revolution of the barrel, is 
cljspendent entirely on difference in the diameters 
of the two parts L and S of the compound axle. 

Relatio'" W TO F. — The relation ot W to F 



may (be established by applying either the Principle 
of Moments or the Principle of Work. Let F be the, 
force required to start the loa^ W ; let flie 

radius of the » wheel G, the radius of the small 
axle S, and the radius of tlje large axle L. Note 
that the load W is supported *by two^pfei;ts of the 
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winding rope, so that the tension in the winding rope 

n ' . W 

at all parts is — . 

Now, applying the Principle of Moments, and 
assuming that the apparatus is perfectl/ efficient, the 
Sum of Clockwise Moments = Sum of Counter- 
clockwise Momepts, i.e. 




W W 

FR = -^2 - ~r^ 
2 2 


w, 

= 


n). 


whence, F = 

2R 


Example j'j. — In a wheel and compound axle, 
such as that illustrated in fig. 56, the diameters of 
th6 two portions L and S of the axle are 3 in. and 
2 in. respectively, and the wheel G, which rotates 
the axle, has a radius of 12 in. If a force of 20 lb. 
bet applied ^ point on the circumference of the 
wheel G, find what weight will be raised. Friction, 
&c., is neglected. 


F = - n ) 

2R 

W(r2 - r^) = F2R. 



_ 2 X( 20 X 12 
i|in. - I in. 

_ 2 X 20 X 12 ^ 

r i 

= 960 lb. 
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Again, the Principle Work may be applied. 
Neglect friction and suppose the rope to be perfectly 
flexible — in other words, assume a perfect machine 
(100 per cei|t efficiency), and cause the nvheel G 
to mak^ one complete revolution. Then, by the 
Principle of Work: 

Work put in = Work got out, 
i.e. F X its distance = W x its d^tance. , • 

» 

% 

F X circumference of wheel G = W x difference 
of axle circumferences L and S. because of single 
movable pulley.) * 

F X 27 rR = W X — 27 rri). 

27 rFR = — X 27 r(r 2 — 

.a . ' • 


whence, F 


W(r2 - ri) 

2R 


This result is absolutely identical with the value of 
F obtained by using the Principle of Mo>nents, so that 
both principles are again in complete agreement. 

Example 5^. — In a compound wheel and axle, the 
diameter of the larger axle L is 6 in. ; of the smaller 
’ axle S, 3 in. ; and of the wheel G, 36 in. ; find the 
T.M.A. and \he V. R. of the machine. 

By the Principle of Vfork 

O _ w {r, - r,) 

^ 2 R ’ 


ancT, as previously shown, 


W 1 
F- 


T.M.A. 
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3 - 
= 2 ^ 

]h 

= 24 = T.M.A. 


Velocity Ratio = 


The results imply that (i) a force of i lb. will raise 
a load of 24 lb., and (2) while the load moves i ft. 
the force ^vill move through 24 ft. In practice the 
first result wih be modified by the actual efficiency of 
the machine at any particular load; the second result 
will always obtain, since, as shown indirectly at (*) 
above, it is dependent solely on the dimension^ of 
the machine. 

Although this type of lifting machine can give a 
big mechanical advantage, and a fairly high efficiency, 
its use is precluded in practice by the large length 
of rope required to lift loads through comparatively 
short distances. It is now completely replaced by 
the Weston Differential Pulley Block. 

The Weston Differential Pulley Block.— 
The Weston Block, a diagrammatic view of which 
appears in fig. 57, consists essentially of three main 
.parts: ^ 

, (i) An upper block B ; 

S A lower block P ; and 
An endlpss chain C. 

The uppcR block carries two grooved pulleys of 
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different diameters compounded, 

Le. fixed togetlier, and are pro- 
vided .with depressions into which 
drop the lif^ks of the chain ; all 
slippir^ is thus 'prevented. The 
lower block is a single movable 
pulley or snatch block; the groove 
•is smooth and serves to guide 
the chain. A hodk of tlje usual 
form depends from the s\ud S 
and carries the load W. The 
chain is of mild steel, of uniform 
pitch aiid size of link. The com-* 
plete apparatus may be regarded 
as a Chinese windlass without 
a wheel. 

Relation of W to F. — Refer 
to fig. 57 and apply the Principle 
of Work; thus: 


Work put in = Work got out. 

F X its distance = W x ' I'.g. ?7 

F X circurfiference of\ _ W (difference between 
large pulley / “ T ^ 1 circumference 

I of both pulleys; 

W 

hence, F X 2 ttR = X (2 ttR — 2 7rr), 

* W 

27 rFR = -^27r(R-r), 



FR = 


W 




_ W (R r) 
j2R • 

Example 55. — In an experiment witVi*a Weston 
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Block, having in the upper block one pulley of 4 in. 
effective radius (pulley centre to chain centre), and the 
other pulley of in. effective radius, a total load of 
120 Ib. (deadweight + lower block + cha/n), can just 
be lifted with a pull of 20 lb. Find: (i) the T^M.A.; 

(2) the V.R. ; (3) the A.M. A. ; and (4) the percentage 
efficiency at this load. 

(I) ' T.M.A._=^, 

and by the Principle of Work : 

_ W(R-^ 

~ 2R" ’ 

whence W (R — r) = 2 RF, 

^ W 2R 
F ~ (R - 
_ 2 X 4 
” 4 “ 3i 

= ? = 16 = T.M.A. 


A.M.A. 


^ ^ ~ T.M.A. ~ 16’ 

i.e. the load moves i ft. for each 16 ft. through which 
the force F moves. 

/V A Ayr A actual load lifted 

(3) A.M.A. = ^.YuiTfoTce-^ed 

= ^ g ^ A.M.A. 

20 lb. ^ 

(4) ^ Percentages _ Work got out 

Efficiency/ ~ Work put in ^ 

120 lb."x I ft. 

= rr TIT X ^00 

^^20 lb. X i6 ft. 

^ .120 ft. -lb. 

= 1 — rr ~ i Tr X 100 

320 ft.-lb. 

= 37*50 per cent efficiency. 


Percentages 

Efficiency] 
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Alternatively: 

urc • Actual M.A. 

Efficiency = — — x 100 

6 

= X 100 = 37*50 per cent. 

In general, such lifting appliances^ have low effici- 
encies, but this is not wholly a disadvantage, since^with 
an efficiency below 50 per-cent the machine becomes 
irreversible. In the present instance, a load which 
has been lifted will remain at any position after the 
force has been withdrawn. This is due to the fact that 
the chai» cannot slip round the piUlleys in the upper 
block, and to the large amount of friction in the upper 
block, which is so great that more than 50 per cent of 
the work put in is used up in overcoi;ying^ it. The 
friction is due mainly to the pressure created by the 
load. In the example just worked out j^No. 55), the 
total load on the upper block is 120 lb. (W), and 20 ’lb. 
(F), equal to a total of 140 lb. Remove F, and there 
is still 120 lb. pressure on the block, that is, there is 
still or ^ of the total pressure on th^ block. To 
obtain 120 ft. -lb. of work, 320 ft.-lb. of work were put 
in, i.e. 200*ft.-lb. were lost. To overcome the fric- 
tion in lowering the load, at least ^of 200 lb.; or, say, 
^171 ft.-lb. of work must be put in. The load itself 
can account for 120 ft.-lb., so that (172 — 120) = 
52 ft.-lb. of Work must be put in before the load can 
be lowered. • 

If fhe student has access to an ordinarily equipped 
mechanical laboratory. Tie may learn mucK by c(in-* 
ducting an exjieriment on a Weston block,* of other 
lifting tackle in a similar way to that described below. 
The figures and curves given Hk\'e been objained from 
«in actual experiment carried out on the lines tndicated. 
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Example 56. — To dete|;mine experimentalfy the 
Velocity Ratio, the Mechanical Advantage, the 
Efficiency, and the MecEanical Law of a Weston 
Pulley Block. , 

Apparatus. — The apparatus consists maiply of a 
small Weston pulley block arranged as in fig. 58 
opposite. The dDlock B is hung from a hook H. 
A spring balance S is attached to the pulling 'side 
of the chain, and to a wooden lever L fulcrumed at P 
in a stand T ; the balancfc serves to register the pull 
required to raise the load W. 

Velocity Ratio.— Allow the weight W just to 
touch the floor. 'Pull in a definite length of chain, 
and note the distance through which W has been 
raised. Repeat this operation at least three times as 
a check oh results, and calculate the V.R. Tabulate 
the results as under; — 


Table IV 


Test 

No. 

Distance 
travelled 
^ by F. 

Distance 
travelled 
by W. 

V.R. 

• 

39-37 in. 

2*7 in. 

, I 

14-58 

> 

240 in. 

1-65 in. 

14-55 

3 

48-0 in. 

3-3 in- 

I 

14-55 


Mean V.R. or Mean _ 

‘ Velocity Ratio “ 

I 

14-56 

I . 


Actual^ Mechanjc^Al Advantage. — Apply say 
five different loads W. In each case move lever L, 
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fig. slowly downwards through a small distance, 
Sufficient to raise the weight W from the floor. Note 
the corresponding reading on the spring balance S. 
Tabulate th^ results as 


follows^: 

Table V 


No. 

w. 

F. 


lb. 

lb. 

I 

H 

5 i 

2 

28 

8f 

3 

42 

Hi 

4 

.56 

12J 

5 

84 

i6| 


As the spring balance 
reading is only correct 
to I lb., it is quite pos- 
sible that the values 
thits found may each 
differ by a small amount 
from the real value; 
e.g. the 16J lb. required 
to raise 84 lb. may 
actually be 167 lb. 
These walues may be 
checked by plotting an 
effort fcurve opii squared 
paper, finding the 



Fig. s8 


*straJ^ht line about 

which the points representing the valuesyare mpsC 
evejily distributed, and coj'rectilg the values’olP F from 
this straight-line graph. Thig iS done in fig. 59, 
where the small crosses indicate the experimeh’tal 

values in Table V, and the line F is thei e 1 fi«rt graph. 

I 
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Raising; and Lowering Effort— F and /; i in. to 5 lb. 
Mechanical Advantage— A; > in. to i lb. 

Percentage Efficiency— E : i in. to 10 %, 



c Fig. S9 

‘Law of the Machine. — Since the effort curve is 
a straight ' U^ie, showing graphically the relation 
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between F and W, this relation can be stated as a 
simple equation of the f6rm: 

F = «W 4- b, 

\ 

where and ^'are constants determined* from the 
graph. 

It may be seen from the graph in fig. 59 that a 
force of 4*2 lb. is required to overcome the resistance 
in the tackle with no load; this is* the quantity h. 
The quantity a can now b^ found by choosing suit- 
able values of F and W from the graphs and intro- 
ducing these values into the» equation. Thus, it is 
found tJtiat when W is 84 lb., F >s 16*85 lb.; hence, 
since 

F = -f ^ 

16*85 = 84a + 4*2, ♦ 

84a = 16*85 “ 4*2^ 

= 12*65. 



~ * * 5 ) 

consequently, F = •15W + 4*2^ 

This is the Mechanical Law of the machine. It 
must be borne in mind that this particular law is not 
applicable to all Weston blocks, but only to the one 
* that was used for the experiment. 

The law is. used to correct the values of F given in 
Table V above. These corrected values appear in 

1 * W 

Table VI below, and ^re used to find the ratio p, 

the^ actual mechanical advanta^^e at eabh load. The 
actual advantages are plotted as 'a graph at A in 
figr. 59,, the curve showing- that the advantage 
increases as the load gets heavier.^ *4 becomes 
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flat when* the loads are heavy, which implies that 
the advantage tends to becdme constant as the load 
is increased. 


Table VI 



Efficiency, — The efficiency at any particular load 
is the ratio of the work put in to the work got out. 
Alternatively, is the ratio of the actual mechanical 
advantage to the theoretical advantage. Now: 

I 

T.M.X^ 

I 

I 

r 

14-56 
14-56. 


V.R. = 
whence, T.M.A. = 


The efficiency at each load may therefore be calcu- 
lated as in the following ejtample, and the whole 
tabuluted as in Table VII. 

When the load is 84 lb., thf^ M.A. is 5-00. 

^ ^ i 1- M A 

P^itentage efficiency = j 


^ 5^ X lOQ 
. ' , ‘ 4-56 


34'35 per cent. 
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Leg^rithms are very convenient for‘Use irf making 
s^ch calculations. After the efficiency values have 
been found, the relation between W and the efficiency 
may be plotted as a graph, giving the line E in 

fig- 59- ' . 

» Table VII 


No. 

Load. 

Mechanical 

Advantag'e. 

'* Per Cent 
Efficiency. 

1 t 

I 

H 

2 122 

15-25 

2 

28 

3-33 

22-87 

3 

42 

400 

27-48 

4 

56 

4.44* 

30 49 

5 * 

84 

5*00 

34-35 


Lowering Effort. — It is interesting, also to 
obtain the relation between the load ’W and the 
force f necessary to lower the load. The spring 
balance S, fig, 58, must be attached to ffie lowering 
side* of the chain, and experiments made to obtain 
/in exactly the same way as was done in obtaining 
F. These may be tabulated as in Table VIII below, 
and plotted on the graph as indicated by the line'/ 
in fig. 59. . 

Table VIII 


jVo. 

w. 

f 

Corrected y 

• 

I 

14 

• 2f 

2-7 

2 

28 


3-48 

3 

42 

, 4 i 

4-25 

4 

56 

5 

5-0 > 

5 

9 

84 

. 6| j 

6-^5 • 
2 


• ; 

If systematic experiments are*being made on this. 
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and similar mechanical appliances, the whole of the 
results may be conveniently arranged in one table as 
shown below. 

Table IX 


No. 

w. 

“ 

Expen- 
mi ol F 

Cor- 

rectfcl F. 

w 

F 

Per rent 
EffiLiciicy. 

Experi- t 
ment f. 

Cor- 
rec li d/. 

I 

14 

5? 

6*3 

2-22 

15-25 

2| 

2-7 

2 



8-4 

3\33 

22-87 


3 - 4 '^. 

3 

'42 

111 

' 10 ‘5 

4-00 1 

27-48 

4 

4-25 

4 


I2i 1 

12-b 

4-44 

30-49 

5 

5-0 

5 

H4 

1 

1 

ib*8 

5‘00 

34-35 


^^-55 


Exercises with answers on p. 166. 


' , CHAPTER XII 

THE INCLINED PLANE 

Inclined Planes.— Any plane surface lying a<- an 
inclination to the horizontal (or vertical) forms what 
is known in Mechanics as an Inclined Plane, The 
plane takes diany forms in practice, and may be used 
for many different purposes. In general, however, it 
is used to produce mechanical advantage, whereby a 
comparatively small force can be made to overcome a 
larger resistance than it could do if applied directly. 
Inclined planes are therefore used in the lowering and 
raising of loads, in forcing ‘^machine parts together, 
e.g.^’ keys and cotters; forcing them apart, ^ e.g. 
wedges, &c. A screw may be regarded as a special 
fcirm of incliLed plane. 

In the conside’*ation of inclined plrnes it is con- 
venient to neglect frietjon in the first instance, and to 
consider the plane aG having no resistance to bodies 
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moving on it. Then, when the principles are under- 
stood, the results obtained can be modified to suit 
existing practical conditions. 

There are^then three distinct cases, diag^rams of 
which are given in fig. 60. 

I. The force may act parallel to the plane. 

II. The force may act horizontally. 

. III. The force may act at any necessary angle to 
the plane. 

> 

In referring to inclined planes, it is convenierit to 
use similar lettering, &c., in 
every case. , 

Fig. 61 shows the method 
employed in the following 
paragraphs. ABC» is a tri- 
angle representin'g the essential 





Fig. 60 Fig. 61 

• dimensions of the inclined plane. AC or I is the 
length*of the .plane, say the slope of a road, the slope 
of a screw, or the slope 6n which any mechanical part 
movf^s on another mechanical part; AB, or is the 
base of the plane; and BC, or hy is the height of the, 
plane. ) ^ , 

cTase I: The Force F is parallel to the 
Plane.— A body D, fig. 60 ^ay a sledge), is being 
pushed or pulled up an inclined plane (or it)ad) AC by 

(D105) j ' 9 



130 


TEXTILE MECHANICS 


a force (or horse) F. By the time the force has moved 
through a distance I (fig. 61), the body will have been 
raised through a height h. Then, by the Principle 
of Work; ^ 

F X distance moved by F = W x distance move(J by W, 

i.e. F X / = W X h, 

■ . F WA 

The Triangle of Forces Vnay also be used to establish 
the relation between F and W. When the body is 
lying stationary upon the plane, it is kept in position 
by three forces: * ^ 

1. W, the weight of the body acting downwards; 

2. F, the force acting parallel to the plane; and 

3. R,' the reaction due to the weight of the body 

which, when friction is neglected, is at right 
angles to the plane. 



Since the body is at rest, these thi\>e forces must 
pass through one poiOft, and can thus be represented 
by the sjdes of a triangle. If particular values are 



THE INCCiNED PLANE ^ 131 

assigned, and the triangle of forces drawn, ^it will be 
found similar to the triangle ahc in fig. 62. If triangle 
ahc be further examinefd, it will be seen that it is 
similar in al| respects to the plane diagrain ABC; 
that is to say: 

the side ah^ representing the reaction R, corre- 
sponds to the side h\ , 

the side hc^ representing the force F, corresponds 
to the height ^ * 

the side ac^ representing the weight W, corre- 
sponds to the length /. 

So that, by the Triangle of FoVces: 

* W : F = : be, 

. W ac 
F “ bc^ 

I 

and, by the properties of similar triangles : 

W _ I 
F “ A’ 

whence F — 

This result corresponds exactly to^hat already 
found, so th^t by using the 
two methods, the Principle 
of Work, and the Triangle 
• of Forces^ the results are 
in con^plete agreement. 


operative raises a cask D 
of tallow or cocoa-nut t)il W= 3 cwtS. 

weig^hing 3 cwt. on to a Fig. 63 . 

car or lorry 4^ft. high, by » 

rolling it up a plank 15 ft. long. Neglecting friction, 
what force will he exert, assumiiig that hd pushes in 


Example 57. — A faetdry 
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( 

a line parallel to the plank, and what will tee the 
pressure on the plank? ‘ * 

A diagrammatic view of the problem is given in 
fig. 63. ‘As shown above : r 





_* 3 cwt. X 4 ft. 

; isit 

_ 3 X 112^ y 4 
15 



the force 
required. 


The pressure on the plank is the reaction due to the 
weight of the casktand contents. ^ 

Then, by the Triangle of Forces, and the properties 
of similar triangles : 


W :R = 1: b, 

. W I 

i.e. 

hence R = 


Now W and / are known, but b is not; its value, how- 
ever, may be found by noting that the plane diagram 
is a right-angled triangle, hence: , 

/2 = 32 4- / i \ 
and b = sJU — 

= . 

= ^('_ 5 ±_ 4 ) (>5 - 4 ) 

= VlQ X II 
= V'aog. 

.•.IJ = .14-45 ft.; , 

. consequently,* R = - h '45 

= 323-7 lb. 
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CaSe II: Where F is Horizontal. — Let AC, 
fig. 64, represent the inclmed plane up which a body 
D is being raised by tVie action of a force F acting 
horizontally. I By the time the body has baen raised 
through a height BC or A, it will have travelled along 
the length of the plane AC or /, and the force F will 



have moved through a distance AB or h. Then, by 
the Principle of Work: * * 

F X distance moved by F = W x distance moved by W, 
or F X ^ = W X 

U W4 

whence r = — — . 

b 

If particular values are assigned, a triangle of forces 
njay be.drawn as was done in Case I. The force triangle 
* will be different in formation, but it will still be similar 
to the'plane diagram, i.e. the triangle abc in fig. 64 is 
similar in all respects td the triangle ABC, thus: 

•side ab corresponds to W, and is proportional to 
AB or b\ 

side he corresponds to F,Jand is proportional to 
BC ^ 

side*ac corresponds to Ri, and is proportional to 
AC or /. 
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Thus, by the Triangle of Forces: 

4 

W ” ah' 


and by the properties of similar triangles: 

W ~ h' 

whence F = — 

0 


This agrees with the relation already found by the 
Principle of Work; the relation between F*and R, 
and also between W and R, may be established by 
similar m^ans. 

Example — An inclined plane rises i ft. for 
every 15 ft. of its length. Neglecting friction, find 
th^ force required to pull a body weighing i cwt. 


1 - i5_ 


]/] = I ft. 




Up the plane if the direction of the force is hori- 
zontal ; find also the reaction in the plane due to this ^ 
load. 

As shown above : 



!tl2 lb. X i ft. 

I ~ 


a^d b =*\/i 52 - i2(see fig. 65), 



THE INCtlNED PLANE 


135 


, T, 112 X I 

hence F = 

II 2 II 2 

~ x/ 225 — I v/ 224 • 

1 12 . .0 lu / the force 

~ 14*96 ~ ^ ^ ‘I required. 

By the Triangle of Forces and *the properties of 
similar triangles 

R : W = / : 

R ^ I 

W b' . 



_ 112 X 15 
^14"^ 

= 112*3 lb. 

Case III: When F is at ANY A ngi>e.— Generally 
speaking, this case is slightly more difficult of 
solution than the two former cases. In practically 
every c^e, however, the triangle of forces may be 
applied, and where graphical methoO^ are not con- 
sidered sufficiently accurate, trigonometrical methods 
may be used. 

. As already pointed out, the relations expressed 
above do not take account of frictional and other 
resistances ; the following example shows how the 
results obtained must ’be modified to suit particular 
conditions. * 

Example 59.— Trolley cars, electrically^ driven by 
motor and accumulator, are ysed in *3. layge textile 
establish merrf to convey bales ofi raw material and 
finished^ goods over the lin^s* of a works railway. 
The trolley weighs 10 cwt. net, and 30 ^cwt. when 



136 


TEXTILE MECHANICS 


fully loacfed. If the tractive resistance on the* level 
is equal to 20 lb. per ton, af.id the efficiency of motof 
and drive is 75 per cent, what horse-power will be 
required fo propel the car at a speed of 10 miles per 
hour — , ^ 

1. On the level, and * 

2. Up a gradient of i in 15? 

0 ) On the level: — 

* • « 

Useful H P = — ? = X i|ton s X 10 nil, p er hr. 

33000 33000 

= (20 X 1-5) lb. X 10 X 5280 ft. per mb 
33Q00 X 60 min. per hr. 

_ 20 X* I ‘5 X 10 X 5280 * 

33000 X 60 


The efficiency of the motor and drive is only 75 
per cent, so lhat this useful horse-power must be 
increased in the ratio of 100 per cent to 75 per cent. 
Consequently 


Total H.P. 

4 


20 X I >5 X 10 X 5280 
33000 X 60 

= 1-067 H.P. 
165 


lOQ 


75 


It should be kept in mind that this would be the 
minimum horse-power required to keep the trolley 
running under the given conditions. A motor of«a 
higher power would actually be used in order to be 
able to start the trolley froni resty i.e.*to overcome 
the ipertia resistances. 

(2) Up a gradient of i in« 15. 

gfadient 0^ i in 15 means a rise of i ft. in 
15 ft. of the plane (see fig. ‘65, which >nay be taken 
to .represent the required gradient). In mqving the 
trolley up^ vhe inclimj, the motor exerts a tractive 
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effort ®6f 20 lb. per ton, necessary for rail '^•esistance 
alone; in addition, it must exert a further force 
capable of lifting the * whole weight of the trolley 
through I ft.^in every 15 ft. it travels. It will also be 
evident that the force must be parallel to the plane. 
Now: ^Tractive effort to overcome rail resistance, 

= 20 lb. X I J tons =,30 lb. 

.Since the force is parallel to the plane, the lifting 
effort is : * • 

F; = (See Case I, page 129.) 

__ tons x I ft. 

= 33te2Li = , 241 b. 

15 > 

Total F = F, + F; 

= 30 + 224 = 254 lb. 

. Useful H.P. = 

33000 33000 X DO 

But since the motor, &c., has an ef^ciency of only 
75 per cent — 

Total H.P. = xi 59 

33000 X 60 75 

= 9031 H.P. 

Again, thjs result allows no margin for starting 
the trolley from rest; ?t shows, however, the decided 
influence that gradients have in increasing the 
required horse-power, and the consequent necessity of 
reducing gradients to a minir^um wherever possible. 
Ball and rofler bearings and other anti-frictional 
devices .will undoubtedly re^iuce the tractive effprt, 
but nothing can reduce the lifting effort, sincb it 
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depends ( 5 n the weight, and this in turn is depeiident 
on the force of gravity alone*. 

Exercises, with answers, on''p. 167. 


CHAPTER XIII 

THE SCREW 

It has already been p(fihted out that the screw — 
many forms of which are doubtless familiar to all 
who have anything to do with machinery — may be 
regarded as a specjal form of inclined plane. Obtain 
a small cylinder of any material, and cuf out a 



f 

rectangle from paper, so that, when the* latter is * 
wrapped round the cylinder, its edges will meet, and 
the paper itself cover completely the curved surface 
of the cylinder. ABCD, fig. 66, is such a rectaggle; 
.it^is capable of covering the curved surface of a 
cylinder tjie dimensions of which are: 

• V 

height, AD^ circumference, AB. 

• 

bisect thb sides AD and BC in E and F respec- 
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tively, and join AF and EC. Re-wrap the> paper on 
Ihe cylinder, and see tha<? the line AFEC now forms 
a continuous spiral of Constant inclination round the 
curved surface of the cylinder. The line may be 
substituted oy a .V-shaped rib, in which case a close 
approxtmation to the thread of an ordinary screw 
will be obtained, and the spiral AFEC would in 
reality represent two complete thread's. 

Cutoff the triangle ABF, shown stippled in 66; 
this may evidently be regkuded as an inclined plane 
equivalent in length to one complete thread. Suppose 
now that a nut is being tightened on a bolt. A force 
is applied, usually through some form of lever such 
as a nift-key or spanner, and the nut is caused to 
make one complete revolution. In doing so, the force 
will have moved through a distance eq^al to the 
circumference of the screw, and corresponding to the 
line AB in fig. 66, and to the base b of the inclined 
plane. In the same time, the nut will have advanced 
along the thread of the screw and overcome frictional 
and other resistances through a distance equal to 
the pitch of the screw (distance between successive 
threads) corresponding to the line BF^n fig. 66, and 
to the height h of the inclined plane. Now, by the 
Principle of Work: 

**F X 'distance moved by F = W x distance moved 
byW, • 

.*. F X circumference; of screw = W x pitch of 
screw; 

or F X ^ = W X 

I * 17 WA 

whence b = 1— • 

\ 0 

% 

This is the same result as wa§ obtained in Case^ II 
of the Inclined Plane, p. 133,. when th« force P is 
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acting horizontally or parallel to the base. Screws 
may therefore be treated, ‘so far as the relations 
between F, W, and R are ‘concerned, as inclined 
planes of Case 11 . The force is seljlom applied 
directly at. the screw thread; as indicated above, some 
form of lever is generally used, so that, more cbrrectly 
speaking, a screw may be regarded as a combination 
of the inclined plane and the lever. If it is assumed 
that t lever of effective length L is used, the relation 
between F and W may betn'ore conveniently expressed 
in terms of this length L, and in the ordinary dimen- 
sion of the screw-thread, viz. the pitch. Thus, since 

* F = ¥> 

Fb = VJh-, 

but b is the cii^cumferential distance through which F 
moves, and h is the pitch of the screw or the distance 
through whic^h the resistance W is overcome. There- 

• FX2'7rL = Wx/> • 

where L is the effective length of the lever, and p is 
the pitch of tlv^ screw. 

F : W = / : 2 TT L, 
andF = ^. ‘ 

2 TtL 


By using similar mathematical means, expressions * 
may be found giving the relations bej:ween .F and 
R, and between W and R, When such are necessary. 

Example 60 . — A holding-down bolt for a l^eavy 
Joom has^ a screw thread of^ in. pitch, and has an 
efficiency, of per cjnt. Find the resistance over- 
come which is equal to the* gripping /Pressure of* the 
nut, when it is screwed, up with a force of 30 jb. at the 
end of a sp&nner with an effective length of 18 in. 
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By»the Principle of Work, and neglecting friction: 

F X 2 71 ^ = W/>, 
whence W = 

i p » 

If the efficiency is only 25 per cent, F will only be 
able to overcome 25 per cent of this resistance, i.e. 
the gripping pressure will be: ' 

F X 27rL 25 ’ 

P TOO 

30 X 2 X 3-14 X 18 ^ ^ 

•125.. 100 

i = 6782-4 lb. • 

In other words, a resistance of 6782 4 lb. is over- 
come by a force of 30 lb. ; this is sufficient to show the 
enormous mechani- 
cal advantage ob- 
tained by using a 
screw. The student 
will find it interest- 
ing and instructive 
to work out the 
theoretical^ and ac- 
tual mechanical ad- 
•Yantages under the 
given conditions. 

Eomviple ^61. — A 
common screw-jack, 
such as is illustrated 
in fig. 67, is em- 
ployed to hold up 
one gable of^a cloth 
mangle .while repairs are be^n^ executed. The l^ver 
used has an effective length of 24 in., -the screw is 
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J in. pitch, and its efficiency is 30 per cent. If the 
proportion of the total load being sustained is 30 
cwt,,^ find what force is used in lifting it. 

By the Principle of Work, and neglecting friction, 
we have: „ 

F X 27rL = W^, 

whe\ice F = — ^ 

2 ttL 

_ * 30cwt. X f in. 

2 X 3-14 X 24 in 


30_>^ii2 X 375 
2 X 3-14 X 24 


1Q5 

12-56 • 


8-36 lb. 


But the efficierffcy is only 30 per cent, therefore F must 
be increased in the ratio of 100 to 30, that is: 


F = ^ 36 X .00 ^ 
30 


Exercises, with answers, on p. i68. 


CHAPTER XIV 

POWER TRANSMISSION: IbELTS AND GEARS 
% 

^ In textile mills and factories*of all kinds, the power 
required^ tp drive the^various machines is usually 
developed by somQ form of ! 3 team-engi>^e, and eitfier 
of the reciprocating or tjje turbine type. This power 
has' then to be distributed over the mill or factory, and 

• ft 
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many^ and varied are the means of transmission. 
Ropes, belts, gears, chains, electricity, &c., are used, 
each having certain advantages under particular 
conditions. 

Typl'^ Drjve. — Ropes and belts are wrapped 

partially round pulleys, the peripheries of which are 
shaped to suit, and the drive is said to be by wrapping 
contact. Gears and chains drive by ^hat is known as 
rollmg contact. When electricity is jised, it js distri- 
buted by cables to suitably-placed motors, and the 



drive between motor and machine is then one of the 
four above-mentioned types; in certain cases a sepa- 
rate motor may be coupled directly to each machine, 
and then it^s termed an individual drive. 

Belts and Ropes.— Suppose that A, fig. 68, is a 
Targe pulley, lO ft. diameter, and running at loo 
r.p.m. fts surface speed or relative motion may be 
transmitted by means of a belt to a second pulley 
B, 5 ft. diameter. Provided that there is no slip, the 
spetti of the belt would be 

T X 10 ft. X loo r.p.m. = 3J4i-6ft. per minute.* 

» * t 

This speed must also be the surface speed of the pulley 
A and that of the pulley B, but; since B has a smaller 
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circumferfnce than A, it must make a larger number 
of revolutions per minute. ,lts speed must be: 

'II4I -6 ft. per minute* 

= 200 r.p.m. 

tt X 5 ft. 


Now the diameter of A is lo ft., and its spied loo 
r.p.m., and the diameter of B is 5 ft., and its speed 
200 r.p.m.; thatus to say, if the diameter is halved, 
the revolutions per minute are doubled. 

Although taken for a p^n^^icular case, the reasoning 
is perfectly general, and it may be concluded that the 
speeds of pulleys directly connected by ropes or belts 
are inversely proportional to their diameters. Where 
pulley speeds are dione concerned, it is not necessary 
in practice to find the actual belt speed, since, as is 
shown above: 


Diam.of A : diam. of B = r.p.m. of B : r.p.m. of A, 
diameter of A __ r.p.m. of B 
, diameter of B ~ r.p.m. of A’ 

, - diam. of A X r.p.m. of A 

whence, r.p.m. of B = dSCTB ' 

Substituting t^,e figures used above: 

- 10 ft. X 

r.p.m. of B = — 

as before found. 


100 r.p.m. 

^ — = 200 r.p.m. 


5 ft. 


,Example 62, — A flax roving frame has 24-in. - 
diameter pulleys, which are driven by a belt from a 
30-in. -diameter pulley fixed to a line-shaft running at 
200 r.p.m. .Find the speed of the roving frame 

pulleys: ' 

_ . r 1 r.* diam. of driving pulley 

PuCley speed = r.p.m. yf shaft X diam. of driven pulley' 

30 in. 

= 206 r.p.m. 


24 m. 


,= 25or.R,Tn. 
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Thjp result is not strictly correct, since tile method 
used ignores the thickneas of the belt. It is obvious 
that a belt has thickness, and that this thickness 
increases the effective diameter of the puHeys; the 
effective diabietqr must be measured fron) centre to 
centre ^f the belt wrapped round the pulley, and in all 
cases will be equal to the diameter of pulley plus the 
thickness of the belt. ' 

Exainple 6 j . — The conditions are similar to, those in 
Example 62, but a beltf> f in. thick is employed. 
Calculate the speed of the small or driven pulley, 
allowing for this belt thickness: 

Driven pulley speed 

r ^ c effective diam. of driving pulley 
— r. p.m. o s a t X diam. of driven pulfey 


Driven pulley speed 


30 in. + I in. 
= 200 X - s ^ 

24 in. -f f in. 

= 24Q*2.^ r.p.m. 


200 X 


30 -^ 

24*375 > 


It will be appreciated that the difference in the 
two results is small ; it is not usual, thr this reason, 
to take the belt thickness into consideration unless 
in cases of* very small diameter pulleys. A further 
teason is that in either case the result is only 
appro x’injate, due to the interference of slip. 

Bei*t Slip. — Belts or ropes may slip on pulleys 
for various reasons : — • ^ 

I. When the mechanical design is unsound. ®This 
generally resolves itself into a case of the belt being 
too weak in some respect fqr its particular du^. 
TMs slip may>be reduced*to a Ainijpum by increasing 
the belt speed, by increasing The diameters of ^he 
pulleys, or by using a wider belt. 

( 1 ) 106 ) 


10 
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2. The^ above might be described as avoidable 
slip, but it will be seen that^'a certain amount of slip^ 
varying in practice from 2 to 3 per cent, is un- 
avoidable. Thus: 

{a) Suppose the belt instanced in Examples 61 
and 62 is | in. thick, it is evident that the surffce next 
to the face of the pulley must move at a slower rate 
than the outer stirface of the belt. As this cannot 
ofecun for any le<ngth of time without involving the 
destruction of the belt, the latter must slip on the 
face.of the pulley in order to adjust itself. It will 
be understood that this adjustment is continuous and 
not periodic. 

{b) As will be dfscussed later, there is a difference 
in the tension of the driving side of a belt and the 
tension of ^the slack side of a belt. There is actually 
a greater tension in the driving side than in the slack 
one, so that the stretch due to the pull in the slack 
side must be l^ss than the stretch in the driving side. 
It follows that a slightly longer length of belting* is 
received from the driven pulley and delivered to the 
driving pulley than is delivered from the driving 
pulley and r^eived on the driven pulley. This 
continuous variation in the belt length js compen- 
sated for by slip, and this particular kind of slip is 
termed creep. 

It \s a good practice, therefore, to allow* for this 
unavoidable slip by increasing the calculated diameter 
of the driving pulley, or by ‘decreasing that of the 
drive* pulley, by 2 to 3 per cent. ♦ e 

In the great majority of textile calculations the 
abive considerations are ignored; nevertheless, it is 
well to know that t^ie resuIts*obtained aVe approxima- 
tioQS, and to know* the reasons for their being 
approximations. 
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EKample 64 . — The fly-wheel of an engftie drives a 
factory lighting dynamft by means of countershafts, 
pulleys, and belts, as 'indicated in fig. 69. Find the 
velocity rat^o between the fly-wheel of the engine and 



Fig. 69 


the dynamo, the speed of the dynamo ignoring slip, 
and the speed when 3 per cent is allowed for slip. • 


Velocity* Ratio = 


product of all driven pulleys 
product of all driving pulleys 

10 in. 2 ft. 3 ft. _ I 

30 in. 4 ft. 10 ft. 20 


i.e. I rev. of engine fly-wheel = 20 revs, of dyjiamo 
heixe : 

speed of dynamo = 7orevi^. x 20 = 14bor.pf.1fl., 

* j j *.• 10 ft..,, 4ft. „ 30 in. 

or, dynamo speed = 70 x x 

= 1400 r.p.m. 
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If 3 per celit is lost in slip, the actual speed wiil be 
97 per cent of 1400 r.p.m. Ttius: 

Tension in Belts and Ropes. When a Belt or 
rope is placed over a pair of pulleys such as those 
shown in fig. 68,^ it must be put on with sufficient 
initial tension to '►allow it to grip firmly the pulley 
surfaces. Let this initial* fension be To; the belt 
will then occupy a position similar to the line CDEF. 
When pulley A, the driver, begins to move, it will 
momentarily stretchier pull the under side or length 
of the belt until the tension is sufficiently gl’eat to 
overcome the resistance in B, the driven pulley. 
The initiaU tension Tq is thereby increased to Tj. 
Simultaneous!}^, the tension in the upper length of 
the belt will decrease by a corresponding amount, 
and .whereas the under or driving side will become 
tight, the upper or following side will become slaoic. 
The belt will then run in a path similar to CDGH. 
Since the uppe^side of the belt has changed its path 
from EF to GH, the tension in the driven side may 
now be considered to have changed from Tq to Tg as 
indicated. It is evident that the pull available for 
actual driving must be the difference between these, 
two tensions, i.e. it must be Tj - Tg. 

If P represents the effective working, pull in the 

belt, then; , ^ ^ 

P = T, - T2. 

f 

^ ^rom tl}e nature of the problem, Tj must be 
greater fhan P or hence, in calculating belts 
for particular duties, it is T/ that mustSe considered 
rather than P.. , 

Tj and Tg’have been measured by a special form 
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of dynamometer, and the ratio founa to vary 

1 2 

between ~ and — , a'common value being 

3h 7 4 

Example 65. — A factory lineshaft drives a single 
opener requiring 5 H.P. by means of a* belt. The 
driving pulley is 30 in. diameter and runs at 200 
r.p.m. The belting used is such that i in. width 
•can stand a working pull of 45 lb. If the tensions in 
the tight and slack sides*aje as 10 to 4, find a suitable 
width for the belt, (tt = 3‘i4.) 

Let P = the effective pull in the belt in pounds 
required to overcome the resistance R. 

• 

Now, H.P. 

H.P. 
hence, P 


but, P 

and ,10 — 4 

whence, Ti 

Width of belt 


Example 66 . — A calender^, absorbs 12*^ H.K, '’and 
receives modon from a* driving pulley 4 ft. diameter 
running at 65 r.p.m. The^ belting qsed can t^e a 
working pull of 220 lb. per square inch. If the* belt 


33000 

= . , since R *= P, 

33000 • 

_ 33000 X H.P. 

S 

_ 33000 X 5 

200 X 2'5 ft. X 3*14 
^ I05-I lb., 

= T, - T„ 

= 6 , 

_ 105-1 X 10 
6 

% 175-2 Ib. 

_ 175-2 lb. total pull 

* 45 lb. pull per in. width 
= 3-89 in., say a 4-inch belt. 
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is i in. thi&k (a heavy double belt) and the tensions 
on tight and slack sides arc? as lo to 4J, find the 
width of belt required. (Use ti* = V.) 

■ H.P. = and ■ 

33000 

p _ R _ 33000 X H.P. 

' S 

f _ ^33000 X 1 2 _ 33000 X . X 7 

4 ft. X TT ^5 4 X 65 X 22 ■ 

, = 484-61 lb. the effective pull. 

Now, P = Ti - Tg, 
and 10 - 4} = 53, 

P X 10 484-61 X 10 

^ 

^ = 881 -I lb. pull on tight side. 

881-1 lb. ^vOtal pull 
220 lb. pull per sq. in. * ^ 

' and, = 8 in. wide belt. 

i in. belt 

Gears. — Ge^rs are used to transmit power and 
motion where exact speed ratios are necessary, and 
where the distance between the centres of the driving 
and driven elements is too short to permit the 
use of ropes or belts. They form necessary and 
important parts of practically all textile machinery. 

The number of teeth in a gear of any, description 
bears an exaft and definite? relationship to the 
pitch cfiameter (see Chap. XI, Woodhouse and Braid’s 
Textile Mathematics /.). The Speeds of all the gears 
in any tr^in are inversely proportional to their 
diameters, and consequently To the nunh>er of teetfi. 
Cakailations concern in*g fhe speed relations of gears 
are ‘therefore worked out on exactly the same 
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principles as those concerning pulleys, e#ccept that 
•the numbers of teeth •are used in place of the 
diameters. The numbers of teeth in the sprockets are 
also used in the case of chain drives. ^ 

Example 6^.— The crank shaft of a lopm runs at 
180 r.p.m. ; a pinion of 24 teeth keyed on it gears 
with a wheel of 48 teeth on the bottom or tappet shaft. 
Find the speed of the bottom shaft. * 

crank shaft speed bottom ^haft wh^el* 
bottom shaft speed crank shaft pinion ^ 

• 

hence: 

speed of bottom shaft * 1 u • • 

^ i . , r , •crank shaft pinion 

= crank shaft speed x bottom shaft whed 

= 180 X = 90 r.p.m. 

40 • 

% 

Direction of Rotation. — In determining the 
train of gear to suit a particular set of ponditions^ the 


A B 



Fig. 70 


direction of rotation is just asiimportant as^the s*peed, 
and in certaifi cases mare important. Consider, for 
instance, the various trains (jf §ear shpwn in fig., 70. 
The diagrams at A, B, C, and D r»nresent four 
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simple traf.ns of gear, consisting respectively of* 2, 3, 
4, and 5 wheels. In each cfase the wheel on the left* 
is taken as the driver, and thd wheel on the right as 
the driven, and all the drivers rotate clj)ckwise. It 
will be observed that where the number of wheels is 
even (i.e. 2, 4, &c., as in A and C), the driven wheel 
runs in the contrary direction to the driver; but 




where the number of 
wheels is odd (i.e. 3, 5, 
&c., as at B and D), the 
driven wheel runs in the 
same direction as the 
driver. ^ 

Idle or Interme- 
diate Wheels. — The 
wheels between the 
driver and driven wheels 
in such trains of gear as 
B, C, and D are vari- 
ously termed carrier 
wheels, single intermedi- 
ate wheels or idle wheels. 
It is important to note 
that, while thp number of 
such wheels influences 


the direction of rotation of the driven wheel, the 
number of teeth in the various wheels has no in- 
fluence upon the speed relation of the driver and 
driven wheelr. In other words, all single inter- 
mediate wheels may be ignored so far as wheel speed 
cal^ulatior\s are concerned. * 

CoMppuND Trains.^— Fig. 71 shows two examples 
of compound trains of gear,* consisting of two lines 
of gear. The- gear at E contains one double inter- 
mediate or^cbmpound Svheel, while that at F has two 
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such •wheels. In example E, note that though the 
■number of wheels is eveft (4), the number of axes or 
arbors is odd (3), and That the direction of the first 
driver and ^f the last driven wheel is tjie same. 
Again, in example F, the number of wheels is still 
even (S), but the number of axes or arbors is also 
even^ while the direction of the last driven wheel is 
opposite to that of the first driver. 

.The general inference, thereforef is that, »^vhen 
the number of axes is the directions of the two 
extreme wheels are similar \ and when the number 
of axes is even^ the directions of the two extreme 
wheels are opposite. ^ 

Speed Relations of Carriers.— inter- 
mediate wheels do not affect the speed relations, since 
a movement of one tooth of the driver r<?sults in a 
movement of one tooth in all the members of the 
same train, as exemplified at A, B, C, and D, fig. 70. 
But with double intermediates or compound whe,els, 
suth as those at E and F, fig. 71, the same rule does 
not apply. 

Suppose, for instance, that in the t^ain E, fig. 71, 
the double intermediate wheel has 90 teeth on the 
large one ^nd 30 teeth on the small one. A move- 
ment of the driver of one tooth will cause the 90-tooth 
^heel 4:0 advance one tooth, i.e. yV of a revolution. 
But, sinte the 30-tooth wheel is compounded with 
the 90-tooth wheel, the former will also advance -^V of 
a revolution = of 30 teeth = J V^oth, and, in 
consequence, the driven wheel rotates the equivalent 
of i of a tooth. That "is to say, a moven^ent o^f 
toqth of the driver results in t^je equivalent, qf a third 
of a tooth movement oY the driven. Hence, it is 
obvious that all such compoujid wheels. must be taken 
into consideration when calculating speeds. 
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Example 68 .— V>\2.gx2sci C, fig. 70, may be .taken 
as the gear between the cy<inder of a card (running* 
at 180 r.p.m.) and its drawing roller. The cylinder 
pinion (dfiver) has 60 teeth; the interme^diate wheels 
have 80 and 90 teeth respectively, while the drawing 
roller wheel (driven) has 72 teeth. Find the* speed 

of the drawing roller. 

% 

Drawing roller speed 
* = cylinder 

= 180 X — = 150 r.p.m. 

72 ^ 

The intermediate Vheels are not considerecf in the 
calculation, because they are single or carrier wheels 
only. 

Example 6 g^ — Diagram F, fig. 71, may be re- 
garded as the gear between the cylinder pinion of 
the same carcj and its feed roller. The intermediate 
wheels have 80 and 30 teeth, and 120 and teefh, 
and the feed roller wheel has 120 teeth. Find the 
speed of the feed roller. 

f 

Speed of feed roller = 180 x — x x 

80 1 20, 1 20 

= ^ = 5 625 r.p.m. 

In this case the intermediate wheels are considered, 
because they are double or co^?i pound wheels. 
Ej^rcises, ^i^ith answers, on p. 169. 


cylinder pinion 
drawing roller wheel’ 
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Chapter I, pp. 7-14 ^ 

1. Write down an exact defiiTiAon of the term matter, with 
special reference to Mechanics. 

2. Give an exact definition of the term force, as used in 

Mechanics. * 

3. What is the unit of force? Why is it only approximately 
correct ? 

4. State the elements of a force, and show by an ei^ample how 
a force may be completely represented by a straii^ht line. 

5. What is a force scale, and for what purpose is it used? 
Illustrate your answer by a typical example. 

* I 

6. tReprosent by means of straight lines: 

(rt) A vertical force, acting due north, of tons to a scale 
of I in. to I ton; and 

{b) A horizontal force, acting towards the >eft, of lo cwt. to 
a scale of i in. to 4 cwt. 

7. Represent* by means of straight lines: 

(a) A force of 8 lb. acting obliquely downwards at an angle 
of 45° to a scale of 1 in. to 2 lb. ; and 

(b) A force of 50 lb. acting obliquely upwards at 60'' to the 
Jhorizontal to a scale of 1 in. to 20 lb. 

8. Give definitions distingliishing between tfys term Statics 
and tl^ term Dynamics. 

t 

Chapter II, pp.> 14-34 

• • • • 

I. Give definitions which distinguish between force and the 

worh done by a force. In what ^units is each respectively 
measured? 

m 
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2. Give It clear description of the terms foot-pound atyi horse- 
power^ and show by examples hotv each is used. , 


3. Distinguish between a “ Forcte of i lb.” and a “Weight of 
I lb.”, and between the “Power of a horse” and “One horse- 
power ^ 


4. A dyehouse pump is employed to raise 200 gallf of liquor 
(10 lb. per gallon) through a height of 16 feet. Fihd the number 
of units of mechanical work expended in the process. 

Ans. 12,000 ft.-lb.. 

• • < 

5. In fitting a key for a Ic^m crank-pinion, the fitter makes 
30 double strokes of the file per minute. Each stroke of the file is 
10 in. long, the force during the forward stroke being 30 Ib., and 
during the back stroke 3 lb. At what H.P. is he working? 

^ ‘ Ans. A H.P. 

6. The water which supplies the power for driving a snuill 
woollen mill falls 25 ft. If 20 per cent of the water goes to 
waste, w'h^ weight of water must pass over the fall per minute 
in order that tht wheel may develop 20 H.P. Ans. 33,000 lb. 


7. On a diameter XY of 5 in. describe a semicircle. Consider 
this as a diagram of work done by a variable force moving along 
XY. If the force scale is i in. to 20 lb., and if XY represent 
5 ft., find the average force throughout the movement, and the 
total work done by the force in moving from X to Y. 

# Ans. 39-27 lb. 196-35 ft.-lb. 

8. A steam wagon engaged in the transport of textile material 

between the works and the railway depot weigljs 10 tons when 
fully loaded. The road resistance is 30 lb. per ton. The engine 
cylinder Is 8 in, dia., the stroke 15 in., the mean effectivje pressure 
33 lb. per square inch, and the speed 80 r.p.m. Fipd the if.P.i 
developed, and the travelling speed in miles per hour along a 
level road. Ans. ^0-05 H.P. * i2-56'm.p.h. 

9. centrifugal pump is employed as part of a condensing- 
plant in raising 6 c. ft. of water p^r second to a height 5 f 20 ft. 

•I# Us efficiency is 50 per cent, what H.P. must be supplied 
to drive, ifc? * Ans. 27-28 H.P. 

10. A single-cylinder, double-acting steam-engine, used for 
driving a large ffinishing-h^use, has a cylinder 36 in. diameter, a 
stroke of 8 ft!, and runs tit 60 r.n.m. Find the indicated horse- 
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power if an indicator diagram gives the mean effective pressure 
as 41-5 lb. per square inch, = 3*1416. Ans. 1229 H.P. 

II. A hydraulic packing-prtss has a 6-in. -diameter ram ; water 
is supplied to the press from a pump with 4 plungers, each 2^ in. 
diameter, with'^3 in. stroke. Neglecting frictional 'and other 
losses, fi»d the average rate at which the pump works in ft. -lb. 
per minute if it makes 100 working strokes per minute, and 

the press exerts a total force of 72 tons. Ans. 567,000 ft. -lb. 

« 

.12. A factory operative, walking at 2 miles per hour, can exert 
a pushing force of 50 lb., and at 4 miles per fx>ur a fore* of'0i25 lb. 
Find the total load he can mov(?£X these speeds on a road where 
the resistance is 55 lb. per ton. , 

Ans. 2036*4 lb, and 1018*2 lb. 

i Chapter III, pp. 3/>-38 

1. Explain the meaning of the terms “Component”, “Re- 
sultant ”, and “ Equilibrant” as applied to a system of forces. 

j 

2. In regard to fig. 3, suppose the operative jexerts a force of 

25 lb. in pulling the basket of pirns along the floor, and that the 
cord makes an angle of 30° with the horizontal. Find the force 
actually exerted in moving the basket horizontally along Jthe 
floof, and that exerted in tending to lift the basket vertically from 
the floor. ^ Ans. 21*65 lb. 12*5 lb. 

Chapter IV, pp. 38-44 

I. Define th« centre of gravity of a body, and show how it may 
be found experimentally in the case of an irregular body. 

*€. From a piece of cardboard or from a thin sheet of metal 
* (such as tintied steel) cut out a semicircle 5 in. diameter. Calcu- 
late the position pf its centre of gravity and mark this position on 
the figure. Check your reuult by attempting to balance the 
semicircle on the thin edge of a steel straight-edge. 

* Ans. 1*061 in. from centre of base. 

• 

3. Use your knowledge of the position of the centte of a#ea*of 
a cincle to calculate the weight pf a st^l ring of circiflai- section, 
given that the internal diameter is 4 jn.,*and that the ring is 
made from | in. round steel weighing f lb. per foot. . • 

Ams. *859 lb. t)r 13*74 oz*. 
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4. A T-fhaped cast-iron rail is used in a certain winding- 

machine, and it is desired to kn^S)w the position of its centre tf'f 
gravity. The top cross-piece is 5 ip. long by f in. deep, and the 
stem is 6 in. deep by f in. wide, while the rail is 6 ft. long. Find 
the centre of gravity. \ 

Ans. Centre of gravity is at the intersection of tj^e central 
line of the stem and the middle point of the plane adjoining 
the stem. 

5. (This should be left until Chapter VII on Moments has been 
read.^ The back ivall of a factory building, built on an incline, 
is 150 ft. long, and trapezoidai- in section, being 18 in. thick at 
the top and 3 feet thick at the bottom. The height of the wall is 
16 ft., and the centre of gravity of the section is 7 ft. from the 
base. If the masonry weighs 130 lb. per c. ft., find what force, 
applied along a line ^ ft. from the top, would be n^essary to 
overturn the wall, i.e., to cause it to pivot about its base. 

Ans, 351,000 lb. 


Chapter V, pp. 44-56 

1. Two force§ P and Q, of 12 lb. and i6 lb. respectively, meet 

at a point and enclose an angle of 45°. Find the re^uiian^ R. 
Use the formula (which has not been proved in this work) 
R2 = p 2 Q2 _j_ 2 PQ cos where ^ in this case is 45°. Check 
by any graphical jmethod. V2 = i'4i. 

Ans. R = 24*7 lb. nearly. 

2. Two forces, OX and OY, of 8 cwt. and 10 c\ft. respectively, 
act at a point O in the gable of a textile machine, their lines of 
action being inclined to each other at 60°. Find the ruagnitude 
and direction of their resultant, and then resolve the resultant into * 
two components, the lines of action <4* which ^ are respectively 
parallel and perpendicular to OX.# Determine the magnitude 
of th%?e compcHients. Find the result by graphical means. 

Ans. 15*62 cwt. at 33"* 40' tot)X. 

13 cwt. parallef. 8*66 cwt. perpendicular. 

4 

3. A peirtt on a very sm&ll warping mill tr^els 3 yards if! one 
complete revolution ;• at , the same time the heck-box with the 
thue^ds descends 2 in. ; whak is the exact distance from the above 
pomt to the rt)rresponding point in the next layer of yam? The 
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point travels horizontally, the. heck-box vertically, arjd the yarn 
obliquely. ^ 

Ans. io8-oi^ in., i.e., *018 in. more than 3 yd. 
Note : the difference is^o small that it is never taken into account 
in warping calculations. ^ 

4. In % certain warehouse flax is unloaded from cafs and raised 

inside the warehouse by means of an electric winch. The rope 
from the winch barrel passes over an overhead pulley ; the part 
carrying the load hangs vertically; while tlife part leading from 
the pulley to the winch makes an angle c)f with th^e v^j'tical. 
If ’a bale of flax weigh 2 cwt.,^flpd the resultant force on the 
pulley stud. (See fig. 9, p. 21.) Ans. 432*7 lb. 

5. A factory operative exerts a total force of 25 lb. in pulling 
a laden barrow along a level floor. , Tlie handle is attached to 
the barrovj' at a point 6 in. from the floor ^ind the other end is in 
the operative’s hand at a height of 30 in. from the floor. Find 
the effective force : — 

(1) When the length of the handle is 3 ft., and 

(2) When the length of the handle is 4 jj. 6 in. 

What general inference may be drawn from these results? 

Ans. 18*63 lb. 22*37 lb. 

• • Chapter VI., pp. 56-63 

1. State the Principle of the Triangle of Forces, and describe 
any experiment whereby its truth may be demdtistrated. 

2. A calender roller weighing 500 lb. is raised by a block and 
tackle in order* to place it in its bearings in the gables of the 
machine. The roller hangs freely from the tackle 10 ft. below 
thg point^f suspension of the upper pulley block and 2 ft. horizon- 

• tally from #he bearing centres. What horizontal force will be 
required, to push it forward into position in the bearings? 

• Ans. 100 lb. 

3. To a scale of i in, to 5 ft. draw a triangle XYZ, making 

XY horizontal and equal to jp ft., YZ 15 ft., and XZ 20 ft. XY 
represents the ground level, and YZ^a pair of sheAr legsasdp- 
portgd by a guy-tjppe XZ. Find thg tension in tho guy-rope, 
and the thrust in the shears wlien engaged in lifting the 5-ton 
fly-wheel of a mill engine. ^ * 

Ans. Tension 2*55 l<)ns. Thrust 7*10 tonst 
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4. X and^Y are two points 3 ft. apart in the countermarch of 

the leaf of a power loom. Cord^ are fixed at these points and 
tied together to the upper part of a treadle hook Z, so that the 
angle XYZ is 40° and the angle ZYX is 45°. Find the tension 
in each cord if the total force used in shedding 50 lb. Theo- 
retically, the angles mentioned should be similar in magnitude ; 
why? Solve the question by graphical means, or by nlathema- 
tical means. Ans. XZ = 36 lb. YZ = 38-75 lb. 

5. The post, jib, and tie of a factory courtyard crane measure 
respectively 15 ft., 35 ft., and 25 ft., while the plane of the back- 
stays makes an angle of 45° with the ground. Find and name 
the stresses set up in each of the members by the lifting of a 
hydraulic press platen weighing 4 tons, hung from the point of 
the jib. Solve by graphical method. 

Ans. Stress in jib = 8-84 tons, thrust or compression. 

„ tie = 6-24 ,, tension. ^ 

,, post =2-68 ,, compression. 

,, backstays = 7-84 ,, tension. 

6. During erection, a textile machine weighing 20 cwt. is 
temporarily supported by two chains. One chain is attached to 
one of the roof principals and makes an angle of 20° with the 
vertical ; the other chain is attached to a ring fixed in the wall 
and makes an angle of 20° with the horizontal. Fin^J the null 
in each of the chains. 

Ans. Wall: 6-84 cwt. Roof: i8-8cwt. 

7. X is a point in a factory wall 6 ft. vertically above a second 
point Y. A triangular frame XYZ is swmng on hinges at X and 
Y, the whole forming a wall crane of a sim pie ^ type. If XZ 
= 10 ft., and YZ = 8 ft., find the stresses in XZ and YZ dur- 
ing the lifting of a bundling-press weighing 5 cwt., hanging 
from the point Z, and say which member is in compression and < 
which in tension. 

Ans. XZ: 6-67 cwt. tension. YZ: 8-33 cwt. compression. 

Chapter VII, pp. 64-81 

‘ C , ( 

I. State pxactly what is- meant by the moment of a force; 
illustrate your answer^by an explanatory sketeft. ^ 

2i State the Panciple oi Mpments, and describe an experiment 
which demonstrates its truJh. 
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3. T»he diameter of a boiler safety-valve is 3 in. afd its weight 
•4 lb. ; the weight of the lev«r plus the connection to valve is 

15 lb. ; the distance from tlvj fulcrum to the valve centre is 3 in., 
and to the centre of gravity of the lever 12^ in. Find where a 
weight of 50 1#. must be placed on the lever so that steam will 
blow of]^at a pressute of 80 lb. per square inch. (See fig. 41,) 
Ans. 29*94 fulcrum. 

• 

4. In a certain type of jacquard loom the fulcrum of a lifting 
lever, 3 ft. long, is i ft. from the end. 1600 small weights 
(lingoes, 20 to the pound) have to be raised 4 in. by th^ short 
arm of the lever 120 times pe^tminute. What is the force re- 
quired at the end of the long arm, the number of ft.-lb. o^work 
done per minute, and the H.P. required to perform this par- 
ticular part of the weaving operatioji? 

Aus. 40 lb. 320<^ ft.-lb. (raising only). 

•097 H.P. (raising only). 

5. A rope is fixed to the low rail of a loom, passed over the 

beam-head or ruffle of the warp beam, and then .attached to a 
weighted lever at a point 9 in. from the fulctum. If a 28-lb. 
weight is placed 27 in. from the fulcrum, what is the pull on 
the rope? ^ Ans. 84 lb. 

6k If tl^ diameter of the ruffle is 10 in., and the diameter over 
the warp beam of 1200 threads is 12 in., what is the tension on 
each warp thread? Ans. 0*9302. 

7. Fig. 72 is a skeleton diagram of an Avery cloth tester,* in 
which strips of cloth C, held between the grips G, are tested to 
destruction b)» applying a gradually increasing load in the form 
of lead shot automatically poured into the vessel V. The weight 

balances the complete ^system when no cloth is being tested. 
In a certatn test the gross load (vessel and shot) was 3 lb., 
13 oz., J4 dr. ; tjie vessel weighed 5 oz. 8 dr. Find the breaking 
stress in the cloth. Ans. 172 lb. approximately. 

8. a flax -spreader, pressure is applied to each pair of 
pressing-rollers by a systems of compound levers. A weight of 
15 lb. is hung at a distance of 27 i^. from the fufcrum 6f the 
firstoor lower leve#; a link is ^ttach^ to a point 3 fn.'from the 
fulcrum of the first lever and 24 in. /rofli the fulcrum of the 
second lever. The hanger from tiie pressing^roller jouraal is 
attached to the second lever at a poiift 3J in. frofti its fulcrum. 

(DlOf ' * 11 
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Find the pressure on the rollers, neg-lecting friction, weig’ht of 
levers, &c. (See fig. 42.) < Ans. 925*7 Ib. 


O'** * 



Fig. 7a , 


9. In a certain lever safety-valve, such as is illustrated in 
figjj4i, the loading weight is 84 lb.t»the length of the lever from 
fulcrilm to centre of weighty is 28 in., fulcrum of lever to point of 
application,' 3 in., fulcrum* to ceijtre of gravi^r of lever, 14,10., 
weight of valve, 6 lb., ‘and weight of lever, 14 lb. If the blow-off 
pressure is 84 lb.' per square* inch, find the diameter of the valve. 

Ans. 3*6 in. 
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10. Jn preliminary experiments performed to che|k the power 
• rt?qulred by a jacquard repeater (assuming that all punches acted 
simultaneously), an attempt was made to find the force required 
to drive a punch through a jacquard card. The average of 20 
experiments \tith two different punches was 40 lb. for 10 holes. 
A skel^on diagram of the levers in the card cutttr is given in 
73* If 40 Is the average force required to drive the punch 
through the card Uy a gradually applied load, find the corre- 
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spending pressure which must be exerted at the end of the foot- 
lever L. A ns. 2 *37 lb. 

11. A plain loom is provided with treadles similar to that 

illustrated in fig. 37. The distance between F and W in one of 
the treadles is 28J in., and the distance between F and P is 
aij in. • If the shed is to be 4 in. deep, i.e., if the point at*W 
has to mo^e through 4 in., find the stroke or throw of the wyper, 
i.e. firvd the gDrresponding distance through which point P 
must be moved. • A ns. 3*044 in. 

* • 

12. ^In a certain spinning-frame, pressure is applied to a pair 

of rollers, each in. wideif by means of a lever and weight. 
The weight is 14 lb., and the lever weighs 2 lb. The weigfit acts 
at i2 in. from theffulcrum, an^ the |Jbint of applicaAoh is i J in. 
from the fulcrum. The centre of gr^vi^ of the lever is 5 in. 
from the fulcrum. Calculate the* pressure on the rollers |per 
inch width. 227*84 lb. 
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Chapter VIII, pp. 82-94 

C 

1. A uniform beam, supported aj both ends lo ft. apart, 

weighs 6 cwt., and supports a load of 2 cwt. at its centre. Find 
the reactions at the two supports. Ans. 4 c(vt. at each. 

2. A beam ‘measures 8 ft. between its two supports, ^.one at 
each end. It carries loads of 1,2, and 3 cwt. at points 2, 4, and 
6 ft. from its left-hand support. Determine the reactions at the 
two supports due to these loads alone. 

g ^ Ans.^ Left-hand, 2^ cwt. ; right-hand, 3^ cwt. 

3. A uniform beam, 10 ft. lai^, and weighing 1000 lb., is 
supported at both ends. A load of 200 lb. is placed at a distance 
of 2 ft. from the left-hand end. Find the pressure and reaction 
at each point of support, an4 make a diagram of the arrange- 
ment to scale, marking^ on it the loads, distances, and reactions 
at each place. A 71s. Left-hand, 660 lb. ; right-hand, 540 lb. 

4. A jacquard machine, weighing 3 cwt., is carried by two 
rolled -steel beams supported near the ends. The distance 
between the supports is 8 ft., while the centre of the machine is 
3 ft. 6 in. from one end. Calculate the pressure ip cwt. and in 
lb. on each support due lo the weight of the jacquard. 

' * A Tts. Near the jacquard, cwt. or 189 lb. 

Other end, cwt. or 147 lb. ® * 

5. Give an example from any textile machine with which 
you are acquainted of a couple producing rotation, and of the 
baliincing of this couple by a second couple. Illustrate your 
answ'er with a descriptive sketch. 

Chapter IX, pp. 95-102 

1. State the Principle of Work, and explain the meaning of 
the terms “Lost Work”, “Useful Work”, and “Efficiency”. 

2. In a wheel^and axle, which art respectively 3 ft. and 4 in. 
in diaAieter, a force of 50 lb. is found to be capable of raising a 
load of 382^ lb. Find the velocity jatio, the mechanical di^ivan- 
tkg%, <ind th 4 efficiency at this load. 

Ans. ^^elocity ratio = ^ Mechanical adv^tage = 7‘6g. 

• Efficiency = 0-85 or 85 per cent. 

3: In a certain* roving-fraree the lifter or bobbin board, which 
weighs 1650 IB., is hung from chains attached to small pulleys 
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4f irft effective diameter. These pulleys are kc^ed to shafts 
which carry at a different lilace larger pulleys, 7 in. effective 
diameter, on which are fix«d chains to which 8 weights of 1301b. 
each are attached. By how much does the lifter overbalance 
the weights ?• Ans. *175^ lb. -in. 

4. a top roller of a plain tappet-loom, the bowl attached to 
the front leaf is in. effective diameter, and that attached to * 
the back leaf is 2| in. If the depth of the shed, measured at the 
front leaf, is 4^ in., find the angle of rotation, and the depth of 
the shed at the back leaf. Ans. 294* using logs. ^5*4610. 

5. The stroke of all the bl#dfes in a positive tappet-loom is the 

same, x inches, and the treadle-levers are fulcrumed at tlyj back. 
If the front leaf travels 3 in., its cord attached 18 in. from the 
fulcrum of the jack-levcr, and the cord from the treadle-lever 
also 1% in. from the opposite end of^the jack-lever, find the 
distance from the fulcrum of the second jack-lever at its point of 
connection to the second treadle-lever if the shed at this point 
is 3I in. Ans. 17*28 in. 

Chapter X, pp. 102-113 

1. In Example 52, p. 113, the sign = {approximately equal to) 
i§ usedjmmediately before 30*56 rounds, wfiy is this sigh used 
instead of the sign = [equal to)? Four lines below, the length 
of the warp is stated to be 305 * 6 yd. ; what is the exact length? 

Ans. 305*607 yd. 

2. Refer to fig. 72, p. 162, and calculate the mechanical 

advantage of the system of levers used in this form of cloth- 
testing machine. ^g.g 

, 3. A 3-and-4 rope tackle is employed to withdraw an air- 

pump daring repairs being made to a mill engine, if the 
efficiency of the tackle is 80 per cent, and 4 men pull on the 
rope with an average foi^e each of 56 lb., what resistance is 
being overcome? ^Ans. 12^*4 lb. 

4. In experiments on a^rane in which the velocity ratio is 40, 
the following results were found 


n * — 

Load lifted W 

• 

100 lb. 

» 

30<ilb.* 

r-j 

500 lb. 

700 lb. 

Force applied F 

Si lb. 

,17 lb. 

asi lb. 




. 

• 
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Plot a CMTfe on squared paper showing the relation between 
F and W on a W base. Show aVso an efficiency curve on the , 
same base. Find from the curve the probable force required 
and the efficiency for a load of 4 cwt. 

' Ans. 23*4 lb. 47*^4 per cent. 

5. Write down definitions of the following terms: (i]^ Theo- 
retical Mechanical Advantage; (2) Actual Mechanical Advan- 
tage; (3) Velocity Ratio; and (4) Efficiency. Assume reasonable 
figures for any simple* lifting appliance, and work out examples 
for a p^ticylar case. ^ How are these four quantities affected by 
an increase in the load? ^ ^ 

Chapter XI, pp. 114-128 

1. In a wheel and differential axle, the wheel is 24 in. 

diameter, the large pulfey 6 in. diameter, and the small pulley 
5 in. diameter; in each case the diameter is measured to the 
rope centres. Find the velocity ratio and the theoretical me- 
chanical advantage. A?is. j'g. 48. 

2. If the efficiency in Exercise i above is 65 per cent, what 
force must a factory operative exert in raising a sSack of flour 
weighing 280 lb. £^om the ground to a starching-house store? 

Ans. 8>g75 lb., 

3. In a Weston block the two pulleys are 5^ in. and 5 in. 

diameter, measured to the chain centres. If the efficiency of the 
block is 45 per cent, what pull will be required to raise a beam 
of warp yarn weighing 480 Ib. ? Ans. 48*48 lb. 

4. Describe how you could determine by experiment the 

velocity ratio and the actual mechanical advantage of a Weston 
differential pulley block. . / 

5. Show by an example how a diagram may b6 used to 

correct the observation or measurement of an experiment. (See 
Example 56.) ^ *■ 

6 . In^a certain spinning-frame, the heart cam, which actj^ates 
the traverse motion of the bobbin; has a throw of 6 in. It acts 
upo^ an anti-friction roller ^tted in a lever and 13 in. from its 
fulcrum, whfie a stud is plrced near the othen end and 22^ }n. 
from the fulcrum. From, the stu*(J depends a rod terminating 
in a chain which passes partiivlly round and is fixed to the surface 
of a large wheel. This large wheel is fixed to a shaft running 
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the length of the frame, and at regular intervals small clrcular 
bosses are keyed to this shafy Chains are used to^connect these 
bosses with brackets carrying the bobbin boards upon which the 
bobbins are placed. If t?ie distance from fulcrum of lever to’ 
bowl centre is 13 in., from fulcrum to stud centrg 22^ in,, and 
rf the diameter of the large wheel is 9 in., and 'the effective 
diamefer of the small bosses 5*2 in., calculate the traverse of 
the lever. ■» A?is. 6 in. 


Chapter XII, pp. 128-137 

• • 

1. A bairel of cocoa-nut oil, weighing 2^ cwt., is lowered 
into the basement of a factory down a smooth slide incfmed at 
45°. The barrel is lowered by two operatives, each of whom 
controls one rope of the parbuckle. Each rope thus passes from 
the mmi’s hands partially round the T^arrel and back to the 
street level, where the end is fixed. Calculate the force exerted 
by each man in supporting the barrel at any point in its descent. 

Ans. 49 >5 lb. 

2. A tapered key is used to fix a pinion to a loom crank-shaft. 

If the taper is i in 96, and an estimated force of 100 lb. is used 
in driving the key to its final position, calculate the total re- 
sistance being overcome. Afis. 9600 lb. 

3. In a certain roving-frame 
the differential wheel speed is 
controlled by a variable dia- 
meter (expanding or contract- 
ing) pulley. The sliding half of 
the pulley is moved into position 

*by the Ujrning of a triangular 
cam, see fig. 74. If it requires 
a foi'ce of I® lb. to rotate the 
cam, find the resistance •being 74 

overcome. Ans, lb. 

t • 

4. A guide-bar, with guides &:c., in a bobbin'«winde^ Vfceighs 
50 lb. In ordejj to equalize wear ^n the guides c^^ring its hori- 
zontal traverse, it is moved tip an mcliijed plane having a slope 
of I in 3. Find the total horizontaf force required if 10 per cent 
of the total is used up in overcom*in|^ friction, ^ns. 19*62 Ib. 
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Chapter XIII, pp. 138-142 

1. Suggest any means of determfning experimentally the velo- 
• city ratio and the actual mechanicaradvantage of an ordinary 

screw-jack (bottle-jack). ^ 

2. The pitch of the screw in a screw-jack is § in., a;jid it is 
, turned by a tommy-bar 20 in. long; compare the speed of the 

end of the tommy-bar with the speed at whicn the load is lifted 
Use 3* 14 for TT. f .4w.9. 334*9 to i. 

3. Inrex{»erimentin(j with a screw-jack it is found that when 

the force applied moves through distance of 31^ in., the load 
is raised ^ in., and that it requires a force of 2| lb. to raise a 
load of 61 lb. From this data find— (1) the velocity ratio, (2) 
the theoretical mechanical advantage, (3) the actual mechanical 
advantage, and (4) the (^jhciency at this load. ,, 

Ans. (i)g^; (2)63; (3)22*18; (4)0*352. 

4. In a certain type of hemp softener, pressure is applied to 

the upper roller by means of two hand-wheels, 15 in. diameter, 
each controlling a^screw' in. diameter, single square-threaded, 
J-in. pitch. Find the pressure exerted on the uppef roller when 
a turning force of 30 lb. is applied at each hand-wheel. Eificiency 
of the screw is 45 per cent. Ans. 508^*8 lb., 

5. In an ordinary bench-vice, the pitch of the screw is J in., 
the distance from the fulcrum to centre line of screw is 12 in., 
the distance from the fulcrum to the centre of the object gripped 
between the jaws is 16 in., and the effective length of the handle 
is 14 in. Find the gripping force produced in the jepu s by a pull 

* of 20 Ib. at the end of the handle ; the efficiency of the screw is 
35 per cent. Taker = Ans. 18.^8 lb. / 

6. A loom is held to the floor by 4 bolts, ^ in. diameter. Find 
the gripping force exerted by each nut when they kre screwed up 
with a force of 28 lb. at the end of a spanner 15 in. long. The 
screw has 9 threads per inch, and the efficiency may be t»ken 

, at ^ Ans. 7920 lb. 

7. Gener,plly speaking, a^f. machines should have a high ejh- 
ciency. Give reasons, ftvith illlustfations from your own experi- 
ence, when it is qdvantageou^ for such a simple machine as a 
screw to have a low efficie^icy. 
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Chapter XIV, pp. 142-154 

1. A 6-ft -diameter pulley, rufining at 120 r.p.m., drives a second 
pulley 30 in. diameter on a factory counter-shaft by means of a 
belt. If there^is 5 per cent slip on the belt, what is the speed 
of/the counter-shaft?. If the pulley transmits 10 H.P., what will 
be the driving pull in the belt? An^. 273*6 r.p.m. ‘ 153*5 

2. The pull on the driving side of a belt is 200 lb., and on the 

following side 60 lb., while the belt runs a 4 990 ft. per minute. 
Find the number of units of work done per minute, the H.P. 
transmitted, and the width of tji| belt at 4cf lb. pull ^er incW of 
width. Ans. 138,600 ft. -lb. 4*2 H.P. 5 in. 

• 

3. A belt transmits 60 H.P. to a factory dynamo pulley 16 in. 
diameter running at 480 r.p.m. Find the driving pull in lb. II 
the raticxiof the tension in the tight and ‘^ack sides is 10:3, find 
the tension in the tight side of the belt in lb. Use tt = *7^. 

Ans, 984*4 lb. 1406*25 lb. 

4. A factory main-shaft, running at 100 r.p.m., dri^fes a machine 
taking 6 H.P., by means of a belt running ofi a 5-ft.-diamelei 
pulley. The t)elt used can stand a working pull of 42 lb. per inef 
width, and the tensions on the tight and sl^jck sides ar^ as 
io«to 4. • Find a suitable width for the belt. Ans. 5 in. 

5. A i|-in. rope transmits 47 H.P. to a rope-pulley 8 ft. diameter 
If the rope speed is to be 4800 ft. per minute, find the pullej 
speed in r.p.ni. What must be the difference in the tensile force; 
in the rope on the two sides of the pulley? 

• Ans. 191*08 r.p.m. 323^ lb. 

% 6. Two rollers in a dust-shaker must revolve in the sam< 
(direction, ,and the speed of the first be times that of th( 
second. If the centres are ii in. apart, and the gears connect 
Ing th’em are ^^o. 6 Diametral Pitch, find one set of suitabh 
nuivbers of teeth for the efriving and driven Mifieels. 

. ^ Ans. 16 teeth in first and 40 teeth in second. 

Any reasondiblb number, say 40, in^idle wheel. 

2- A card-roon> shaft makes 180 i^p.m. A drum*o]j tlie shaf 
drives a card-pulley, 24 in. dtameter, at# a speed of 200 r.p.m 
What should be the diameter of Jhe drum? ^ 

A^is. 26*67 *‘^* 
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8. In a ring spinning-frame the ratio of the tin cylinder to the 

spindle wharve is lo to i ; the driving pulley on the shaft of thc^ 
tin cylinder is 14 in. diameter, and tjie spinning-r:3om shaft runs 
at 190 r.p.m. If the spindle speed is to be 6500 r.p.m., find the 
diameter 0^ the driving drum. An^. Aipprox. 48 in. 

9. If a plain loom has on the end of the crank-shaftca whe^l 
, with 40 teeth, how many teeth should there be in the wheel ot 

the tappet-shaft? The latter revolves at half the speed of the 
former. » Ans. 80 teeth. 

10. ^efpr to Exer^/ise 9 above. If the driving pulley or drum 

on the line-shaft is 14 in. diamrtrr and runs at 150 r.p.m., what 
will be the speed of the tappet-shaft, given that the pulley on the 
crank-shaft is 17^ in. diameter? A7is. 60 r p.m. 

11. Hemp ropes are employed to transmit power from an 

engine fly-wheel to tli^ various floors of a spinning-niill. The 
maximum tension in a rope is three times the minimum tension, 
and the greatest stress in a rope is not to exceed 530 lb. How 
many ropes, will be required to transmit 415 H.P. if the rope 
speed is to be ft. per second? Ans. 9 ropes. 

12. A jute-softener is driven through a 48-in. -dkimeter pulley 

by two belts running one on top of the other, and each g in. thick. 
The speed of the middle plane of the inner belt is i;jpo ft. ^per 
minute; find by how much the outer belt gains on the inner belt 
each minute. Ans. 43*7 ft. 

13. In a certain roving-frame the main-shaft runs at 400 r.p.m. 
anfl carries a 44 pinion. This pinion gears with a single inter- 
mediate of 60 teeth, which in turn gears with the 82 wheel of 
a double intermediate, the pinion of which has 45 teeth. The 
latter pinion gears with a 90 on the drawing-roller. Find th^ 
speed of the drawing-roller in r.p.m., and say in wh^t direction 
it rotates with reference to the main-shaft. 

Ans. 107*3 r.p.m. Opposite direction <1.0 main-shaft. 
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. I. A lo-H.P. motor weighing lo cwt., iind used in the group- 
driving of textile machinery, is supported on«thc upperisuriace of 
a wall-bracket, which itself v^e^hs _ ^ 

3^ cwt. If the centre of gravity of the 
motor is 2 ft. from the wall, and the 
centre of gravity of the bracket ^s 
18 in. fr^m the wall, find the com- 
bined moment exerted by these loads 
in ton-inches. Ans. 15 ton-in. 

2. A hand jacquard loom, shown 

diagrammatically at A in fig. 75, con- 
tains 400 hooks which control 1600 
lingoes B ancf harness cords C. The 
combined weight of one lingoe and 
its •cord is i oz. The lifting appa- 
ratus consists of two levers, DE and 
HG, connected by a rope F. What 
pressure in pounds must be exerted 
by the foot at K in order to lift half 
the threads? Ans, 37^ lb. 

• ^ 

3. A belt, 8 in. wide, works on a 

gulley 3 ft. in diameter and running 
at 120 np.m. If the belt is ^ in. 
thick, and the driving K 

pull 280 lb. per square , 6^ 24 * 

• inch of section, find th^ i 

H.?*! transmitted. (Use * G 

TT = ^.) 0 m Fig 76 . 

Ans. 28-8 H.P. • . • 

• • 

4« A winding-rc^m shaft is cfriven by a drum of 30 iTi.«diameter, 
and runs^at 180 r.p.m. If the power transmitted is 30 H.P., and 
the driving pull in the belt is to be lb. per incJi width, fir^d .the 
width of the belt. (Use = ^.) 

171 
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5. One (^id of a rope is attached to the movable hqpk of a 
spring bala'nce, and the opposite end of the spring balance i$ 
fixed to some stationary part of a ipachine. The rope is wound 
about the fast pulley, passed over a guide pulley, and a pan 
attached to the end for weights. When 80 lb.|in weight have 
been added to the pan, the pulley commences to move, and die 
spring balance registers 10 lb. If the pulley Is 16 in. fUamete*, 
and the revolutions per minute Intended tp be 360, what H.P. 
will be required to drive the machine? (The 80 lb. may be taken 
as including the weight of the pan, and tt = ^y^.) 

^ ^ ^ 3*2 H.P. 

6. A 5-in. belt, ^ in. thick, ^' 5 rks on the pulley of a machine 
and /"uns at 1600 r.p.m. What H.P. will be transmitted if the 
working pull in the belt is 330 lb. per square inch of section? 

A ns. 20 H.P. 

7. A shuttle and fop weigh 2J lb. The loaded *shuttle is 
placed In the shed, a string attached to it, and the other end 
of the string passed over a pulley. If it requires weights to 
the value of *14 oz. to move the shuttle on the warp threads, and If 

P r 

— Is the coefficient of friction, find the value of this coefficient 

W f 

for the above case. A ns. 0*35. 

8. A 5-wheel uptake motion in a power loom has t^ree driven 

wheels and two driver wheels. The first driven wheel is a ratchet 
of 44 teeth, which is moved one tooth for every pick of the loom ; 
the last driven wheel of 120 teeth is on the roller which draws 
forward the cloth. If the third driven wheel has 100 teeth, and 
the two driver wheels have 30 and 40 teeth respectively, how 
many shots of weft will be inserted in the cloth during one 
complete revolution of the take-up roller? A ns. 440 shots. 

*9. If the take-up roller in Example 8 above is 5'" in. dik.,, 
how many shots will be inserted in each inch of the cloth? 
(Use tt = ^.) Ans. 28(shotspei inch. 

lo.' The traVbrse lever in a certain roll wander stands vertically 
when In mid-stroke; the stud pn which it oscillates is^at the 
lower end. , The cam which causes the lever to reciprocate acts 
on an' anti-friction bowl, z-nd thp stud of the bowl is fixed into 
a verticai slot of the lever,' the ceptre of the slot being 15 in. 'from 
the fulcrum of the leven; the cam has a throw of in. The 
traverse bar carrying the yarn guides is actuated directly from a 
stud fixed in k second vertical slot at the upper end of the lever; 
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the cei^re of this slot is 38^ in. from the fulcrum of the lever. 
•The upper slot allows an adjue^ment of | in. up and<^ in. down; 
the lower slot allows an adji^stment of 3I in. up and 3I in. down. 
Draw a skeleton diaj^ram of the arrangement described, and find 
the maximum fnd minimum travel of the yarn guideg. 

Ans. 11*09 and 6*63 in. min. » 

11. In the negative let-otf motion of a power loom, an upward 

pull of 20 lb., applied to a handle at one side of the loom, acts at 
12 in. from tlie fulcrum, and is transmitted by a chain, passing 
dver a block 4^ in. from the fulcrum, to one end of a 2-armed 
lever passing from the front of the loom* to the bftck.* The 
distance from this end of the !??fer to the fulcrum is 4 ft. 4 in., 
anci from the fulcrum to the line of applicatk>n of the pressure on 
the warp beam, 6 in. Find the pressure on the beam due to this 
pull and leverage. • Ans. 462*2 lb. 

12. In*a system of compound levers, tlnf lengths of the arms of 
the three levers are as follows : — 

ist lever — 3 in. and 24 in. 

2nd ,, — 2^ in. and 25 in. 

3rd ,, — 2 in. and 26 in. 

A force ot 60 Ib. is caused to act on the long arm of the 3rd lever. 
Find the resultant force on the short arm of tl»e 1st lever, \»hen 
thS systefii is arranged to give the maximum theoretical mechani- 
cal advantage. Ans. 62,400 lb. 

13. The following particulars are taken from a 96-in. 5-bovvl 
calender, illustrated diagrammatically in fig. 76. Top rollec A, 
20 in. dia., with handwheels, screws, blocks, and arbors, 
weighs 60 cwt. ; upper papeV roller B, 27 in. dia., with gear, 
48 cwt.; driving or steam roller C, 13^ in. dia., with gear, 
*^8 cwU; lower paper roller D, 27 in. dia., with gear, 48 cwt. 
Additional pressure is obtained by a pair of levers, of wltich 
one only is shown, F, weighing i6| cwt. At the end of each 
lever is fixed d hanging rod G terminating in a rack H, which 
gecvs with a rack piniDn /, 7 in. pitch dia. T^ie racks H and 
rods^i weigh 3^ cwt Each pinion J is compounded Vith a 
pulley K, 30 in. dia., frort the periphery of which depends a 
hanger L, carrying 10 weights W 0^50 lb. each. Find * 

• (i) The deacf weight pressure oiFthe bottom bo^d*E. 

(2) IThe pressure due to the weigl*t of the levers F alone. 

(3) The pressure due to the v»eie:ht of the*racks H, hangers 

L, pins, &c. 
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(4) The pressure due to the rack pinions J, pulley and 

weights L. f , 

(5) The total pressure on the bottom roller E of the calender. 

Anf. (1) 194 cwt. (2)65cwt. (3) 35i cwt. 

(4) 210*46 cwt. (5) 505*21 cwt., say 25I: tons.y 



14. A centrifugal pump in a large factory condensing plant has^ 
to /aise 6 c. ft, of water per second to a height of 7 ft* Wha^ 
H.P. will be required if the efficiency of the pump is 45 per cent? 

Ans,^iQ' 6 o 6 H.P. 

15. Jests on Efclifting winch gave tlie following results; — • 


jf, 


1 

Pcftcf applied in pounds ... | 5 

10 

15 

1 

20J 25 1 

30 1 

Weight raigSed in pounds 1 loot 

^ 1 r 


290 

1380 L460 



Plot a graph of these valuesf and find from it the approximate 
force necessarjr‘for a load 0^500 lb. Afis. 27 J lb. 
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l6- (^alculate the horse-power requijed to pump 5000 gall, of 
^ater per minute from a well the surface of which 1^40 ft. deep. 
Assume that the efficiency’ *of the machinery employed is 
60 per cent. Ans. 101 *01 H.P. ‘ 


17. A rod long is supported at each end. At distances 
^2, 4, 4, and 7 ft. respectively from the left-hand end, loads of 
4, 3, and 2 cwt. are supported. ' Find the reactions at the two 
•Supports due to thefe loads. 

Ans. Right-hand : 5^ cwt. Left-hand : cwt. 


i8. Two toothed wheels, mounted on parallel shafts, are to gear 
with each other, and their spee^^of rotation are to be ^s 2 fb to i. 
If 4 he distance between the centres of the two shafts is 12 in., 
and the pitch of the teeth No. 6 Diametral, find the num*)er of 
teeth in each wheel. Ans. 48 and 96. 


19. A i3aded truck weighs 10 cwt. ^alculate the effort in 
pounds exerted by each of two textile operatives in pulling it up . 
an incline of i in 20, when the road resistance on the l^fel is 

40 lb. per ton. Ans. 38 lb. 

• 

20. Sketch any textile mechanism in which * screw is used to 
obtain mechanical advantage. In a certain piece of mechanism 
of this type, a force of 42 Ib. is applied at the end of a 5-ft. lever 
to a screw |-ln. pitch and 30 per cent efficienc)^ Find the i^sis- 
tance ov?rcome in hundredweights. (Use tt = ^.) 

Ans. 56^ cwt. 


21. A lathe in a textile machine-shop is driven by a 5-in. belt 
running at 1500 ft. per minute,* and absorbs 5 H.P. If ‘the 
tensions in the tight and slack sides are as 10 is to 3, find the 
greatest tenslbn in the bell per inch of width. A?is. 31*43 lb. 

• 22. \ set of pulley blocks has 3 pulleys in the lower block and 
*4 pulleys ip the upper block. What is the theoretical mechanical 
advantage of the system? If its efficiency is 50 per cent, whdt 
weigh! would he lifted by a pull of 40 lb. on the rope? 

^ ^ A?is. T.M.A._= 7. i.£;4 lb. , 

23. *A drawing-frame has ^i6-in. dia. pulley which normally 

rotates at 250 r.p.m. It is found that a tangentia^pull of ^ lb. 
exerted at Abe rmi of the pulley it just sufficient to »t^rt the 
michine. AiialcuTate the approximate horse-power Xhich will be 
used. fUse TT = * '' is. 2 H.P. 

24. The constant number of teeth^in two wliegls for driVing a* 



•he TEXTILE MECHANICS 

i 

supplementary shedding wyper or tappet in a twill loom is 90J 
find the numbers of teeth for the following: — 

{a) A 3-pick to refund weave. 

(b) A 4-pick ,, ,, 

Explain why the above so-called constant number , should be one 
tooth more for a 5-pick to round weave. 

A ns. (u) 36 and 54. (b) 30 alid 60. 


ySEFUL CONSTANTS 

I c. ft. of water 


, i c 

gall. 


62*5 lb. 

i^all. of water 

= 

• 1605 c. ft. 

= 

10 lb. 

I in. 

=: 

•083 ft. 

= 

2*54 cm. 

I sq. in. 

= 

•0069 sq. ft. 

= 

6*45 sq. emr 

in. 


•000572 c. ft. 


16 *39 c. c. 

I metre 

- 

3-28 ft. 

= 

39-37 in. 

I sq. m. 

= 

iO‘ 76 sq. ft. 


1550 sq. in. 

I c. m. 

= 

1 *308 c. yd. 

= 

61,025 c^in. 

'i fatliom 

— 

6 ft. 

= 

2 yd. 

I chain 

= 

66 ft. 

= 

22 yd. 

I mile 

= 

80 chains 

= 

5280 ft. 

1 naut 

— 

I nautical mile 

— 

6080 ft. 

I knot 

= 

I naut per hour 

= 

6080 ft. per he 

I litre 

= 

1000 c. c. 

= 

1*762 pt. 

I gall. 

= 

• 1605 c. ft. 

= 

4-541 litres. 

I bus. 

= 

8 gall. 

= 

I • 2837 c. ft. 

I lb. avoirdupois 

,= 

7000 gr. 

= 

453.6^111. 

I Kffni. ^ 

= 

* 5»435 

= 

2*205 

I W. 


437-5 gr. 

ac 

28-35 


‘ ?JUNTfii> aA'J^ .A 

Ir , OUAbiiOW. 






